January 19 


THE BHITISH 
JOURNAL 
OF 
RADIOLOGY 


The British Instit 








The British Journal of Radiology 


The Editorial Committee consists of: 


The Editors: 
D. K. BEWLEY, M.A., PH.D. F. STARER, F.R.C.P., F.R.C.R. 








The Deputy Editors: 
B. T. HALE, M.B., CHB., F.R.C.R., D.M.R.T. N. W. RAMSEY, PH.D., F.INST.P. 
J. ROYLANCE, F.R.C.R. 


and 
The Associate Editors: 
A. B, AYERS, M.D., D. M.R.D., F.R.C.R. C. R. HILL, B.A., PH.D., M.LE.E., F.INST.P., 
"Tug. MA D. BATES, M.B., CH.B., F.R.C.R., D.C.R.A. D. H. KEELING, M.A., M.8C., M.B. 
D. COSGROVE, M.A., B.M., B.CH., M.SC., M.R.C.P, I. KELSEY FRY, D.M., F.R.C.P., F.R.C.R. 
M. F. COTTRALL, B.A., M.SC., PH.D. B. KENDALL, F.R.C.P., F.R.C.R., D.M.R.D. 
C. D. R, FLOWER, M.A., F.R.C,P.(C), F.R.C.R. H. B. MEIRE, M.B., B.S., L. R.C.P., M.R.C.S., D.M.R.D., 
N, E. GILLIES, B.SC., PH.D. D.OBST., R.C.O.G., F.R.C.R. 
J. A. GLEESON, M.B., M.R.C.P., F.R.C.R., D.M.R.D. J. T. PATTON, M.R.C.8., L.R.C.P., F.R.C.R. 
TH. GRAVELLE, B.SC., M.B., CH.B., F.FS[.CP.(E), F.R.C.R, O.C. A. SCOTT, M.D. 
D.M.R.D. 'T. SHERWOOD, M.B., M.R.C.P., F.R.C.R., D. M.R.D. 
J. L. HAYBITTLE, M.A., PH.D. N. VEALL, D.SC., F.INST.P. 


The Associate Editors Overseas are: 


P. ARMSTRONG, M.B., H.8., F.R.C.R., D.M.R.D. (U.S.A.) H. A. LUKE, F.R.C.R., F.R.A.C.R. (Australia) 
J. R. CUNNINGHAM, M.8C., PH.D. (Canada) G. P. G. 81M, M.B., F.R.C.R., M.R.C.A. (New Zealand) 
R. W. STANFORD, M.A., F.INST.P, (Australia) 


Managing Editor: Mrs. Lee Surry 


Communications should be addressed to the Editors in accordance with the Instructions to Authors which are 
published in the January issue of the Journal in each year and copies of which may be obtained on application 
to the Managing Editor. 

ADVERTISEMENTS: Communications regarding accounts should be addressed to the Institute. All other com- 
munications should be addressed to Miss Hilary Cook, Advertising Manager, The British Journal of Radiology, 
Advertisement Department, 24a Litchfield Street, London WC2H 9NX. 


SUBSCRIPTIONS: All communications regarding subscriptions should be addressed to The British Journal of 
Radiology, 32 Welbeck Street, London W1M 7PG. 


ANNUAL SUBSCRIPTION (post free, payable in advance) £35-00 per annum (monthly publication) (U.S.A. $64). 
Single copies: £3-50. 


Second Class Postage Paid at New York, N.Y. Expeditors of The Printed Word, Ltd., 527 Madison Avenue 
Suite 1217, New York, N.Y., are our U.S.A. Mailing Agents. 


The British Institute of Radiology 


Incorporated by Royal Charter 
Founded 1897 





32 WELBECK STREET, LONDON WIM 7PG 
"Telephone: 01-935 6237 and 01-935 6867. Cable Address: “Britology, London W.1.” 


President: J, F, FOWLER, D.SC., PH.D., F.INST.P. 


Hon. Secretaries: 
W., HATELY, M.B., CH.B., F.R,C.P.E., F.R.C.R., D.M.R.D. P. N. T. WELLS, M.8C., PH.D., F.INST.P. 
Hon. Treasurer: D. 'T. KERRISK 
"Tre Berrisn IxsrrrUTE OF RADIOLOGY is an association of persons interested in Radiology and allied subjects. 


Meetings are held monthly from October until May. Particulars of membership and other information may be 
obtained on application to the General Secretary at the Institute. 


© British Institute of Radiology, 1978 





A new perspective in electron therapy: 
the SL 75-14 


As the first company to intro- energy electron therapy is no investment for the busy therapy 
duce practical linear accele- longer confined to a few highly department, enabling the 
rators operating in electron specialized clinics. Sharing the therapy staff to work at maximum 
energy ranges up to 20 MeV high standards of mechanical efficiency with minimum stress 
Philips have opened up new and electronic engineering 
perspectives in radiation which characterize the SL 75 
therapy. Experience has now range, the SL75-14 is a compact 
shown that electrons in the 14 linear accelerator offering 
MeV range, together with 10 electron energies from 4 to 14 
MV X-rays, provide the best MeV, with rapid changeover Nupabw ete. 
results in the vast majority of to 10 MV X-rays. PCP/Medical Systeme Divison o 
modern applications Building QM, Eindhov 
Designed - and built - for years Philos Madiosl S 
With the SL75-14, a new addi- of trouble-free service, the SL — 45 Nightingale Lane 
tion to the Philips range, high- 75-14 is a sound economic London SW 12 8SX 
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€nnouncing the MODULEX 


Basic Oncology System 


planning for 


artronix 
pP oe a a EDMMU 
INCORPORATED 





The first truly multi-purpose treatment 
planning system, the Artronix MODULEX™ 
exceeds the performance of dedicated 
computers while combining convenience 
and flexibility in a multi-tasking system. 
One of many configurations to be offered, 
the Basic Oncology System is designed for 
practicality today and limitless expansion 
tomorrow. 


Software Features 


æ MX/OS multi-tasking operating system 
simultaneously supporting both MUMPS 
and FORTRAN. 

m Multi-User — two simultaneous tasks; 
many more by option. 

@ Modular system and application soft- 
ware that will grow with technology. 

g Single, unified program for calculating 
and combining doses contributed by 
external photon and electron beams 
plus linear source and seed implants. 

w Uses standard OCR, TAR, TMR and 
Percent Depth Dose tables of beam data. 

m Unlimited number of beams, linear 
sources and seeds may be used per plan. 

8 Accepts multiple transverse contours for 
coplanar planning. 

m Simultaneous printing or plotting. 

m Tumor Registry Program allowing cus- 
tomized data base formatting. 

m Optional Computer Controlled Dosime- 
try, Record and Verify, and Patient 
Scheduling. 


Hardware Features 


8$ Modular, Multi-bus, expandable hard- 
ware. 

w High speed, 16 bit CPU with 128K 
bytes of 480 nanosecond semiconductor 
memory. 

æ Bright, Dual Video Display--9600 baud 
characters on the left screen, video- 
graphics on the right. 

@ Light pen and function keys. 

8 Dual 5 megabyte disk cartridge. 

wm Separate 30 cps printing terminal. 

@ Desk mounting with convenient work- 
ing area. 

8 Optional computer controlled water- 
phantom and/or densitometer. 

& Optional buses, CPU's, memory, disks, 
and terminals. 


For additional information, call or write: 
Artronix, Incorporated 

1314 Hanley Industrial Court 

St. Louis, Missouri 63144 

TEL: (314)968-4740 

TWX: 910-769-1678 
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10«;12-, or 15-inch detectors designed to give 

the finest-ever gamma scintillation images. 

The 15-inch detéctor is the latest and most advanced 

large-field-of-view detector available to compliment the Picker 

gamma imaging system. It is capable of -inch resolution 

for 99" Tc with + 1095 uniformity and excellent linearity. 

Designed for small and medium-sized hospitals, teaching 

hospitals, and medical centres, these units incorporate the 

following features : 

li High-speed ultra-low dead time using analogue buffering 
and delay time techniques 

lg Exposure-brightness computer for best exposures every time 

li Preset information density statistical control for quality data 

li Joystick control of the calibrated region of interest for count 
density quantitation of normal vs. abnormal areas of the 
patient's organs 

| Built-in patient anatomical landmarking system 


All items are standard, built-in and exclusive features. 


SEC 


Medical 


NUCLEAR, THERAPY 

& ULTRASOUND DIVISION 

Responsible technology 

GEC Medical Equipment Limited NTU Division 


PO Box 2 East Lane Wembley Middlesex HA9 7PR 
Tel : 01-904 1288 Telex : 922177 Cables: Skiagram, Wembley 





For 700 hospitals EMI- 
is only part 


independent of the main EMI-Scanner 
system and, if necessary, stationed at a 
remote location. 

It provides more manipulation 
facilities than any other independent 
diagnostic aid including the ability to 
compare slices and construct sagittal 
and coronal sections from blocks of 
contiguous transverse scans. The 
controls also make it possible to extract 
statistical information from regular and 
irregular regions of interest as defined 
by the cursor control. 





Theability of the EMI-Scanner 

to provide high quality images for a lower 
radiation dose is universally recognised. 
But leadership in picture quality is 

only part of EMI Medical's total 
capability in this field. 

EMI Medical is dedicated to the 
continuing development of complete 
CT scanning systems to provide 
meaningful advances in diagnostic 
value, patient throughput and cost 
effectiveness. 

This is illustrated by the improved 
facilities offered with the EMI-Scanner 
CT 5005 Series 2 whole-body machine. 
In line with EMI Medical policy all 
these new features can also be 
incorporated into existing CT 5005 
systems. 

Advanced image display and 
manipulation. 

A new EMI Viewing Centre, 
incorporating its own computer, 
magnetic tape and twin floppy disc units 
enables the clinician to be operationally 





Scanner's picture quali 
of the story. 


Increased patient throughput. 

A sophisticated patient preparation 
system comprising two special trolleys 
and an alignment gauge, enables clinical 
preparation and prealignment of the 
. patient away from the scanner. 

On arrival in the CT suite the patient, 
lying ona pallet, is transferred without 
being disturbed. 

Fast and flexible image processing 
package. 

EMI Medical's proven picture 
quality is complemented by improved 
processing time, which can produce a 
diagnostic image in as little as 20 
seconds, and a choice of three types of 
image construction. A 160 matrix, the 
preferred mode for brain and other fine 
discrimination studies; 520 matrix for 
high spatial resolution, such as the Send now for details of the EMI-Scanner CT 5005 
lungs, and 520 special matrix for Series 2 and peripheral equipment 
rejection of artefacts caused by highly EMI M di : 
attenuating material, such as bone, e ica 
e outside the scan field. EMI Medical Limited, Windsor House, 


z : 3-7 Albert Street, Slough, Berks SL1 2AY. 
The complete CT Scanning system. Telephone: Slough 23855 Telex: 849115 


Altogether, the EMI-Scanneris the A member of the EMI Group. International 
complete CT scan ning system. With leaders in music, electronics and leisure. 
proven picture quality, advanced 
diagnostic facilities, proven operational 
performance and reliability,it isbacked by 
the world's most experienced CT scanner 
service organisation. Just some of the 
reasons why more hospitals have chosen 
EMI-Scanner than all other CT systems 
combined. 
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NEW YEAR RESOLUTION 


. .. Contact Todd Research for details of their 
1978 range of diagnostic apparatus. 

Your letter to Robjohns Road, Chelmsford 
CM1 3DP or telephone call (0245) 62233 will 
meet with prompt attention. When in 
London, you may care to visitthe British 
Hospital Equipment Display Centre at 22 
Newman Street (just off Oxford Street). 


F TODD RESEARCH LTD 


- helping to fly the flag for Britain 












Bac 20 MeV electrons: 
18 MeV photons 
x 2 » y 


For lower energy 
requirements 
check the THERAC 6 
with 6 MeV photons 
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ovs Atomic Energy 
Pa ^ of Canada Limited 
Ue Commercial Products 


P.O. Box 6300, Ottawa, Canada, K2A 3W3 
Tel. 613/592-2790 * Cable Nemota * Telex 053-4162 


17.3M 


TEM proudly present their new 
Ximatron Treatment Planning Simulator 


Important Features 


@ Digital Readouts on all movements Four independent collimator blades allow asymetrical X-ray 
fields, reducing scattered radiation and improving 


Data output for computer interface image quality 


Maximum field size of 50 cm x 50 cm at 100 cm focus axis 


distance 
Variable Speed Movements " 


e 
@ interface can be provided to suit customers requirements 
* 
v 


e tor drive for all unit movemen x t Table Top Rotation 
Variable focus-to-axis distance from 80 cm to 120 cm or Motor drivetoraium Mente ete ih op notation) 


from 60 cm to 100 cm Isocentric Table with split spine table top. 


6 Automatic locking positions for 3 focus-to-axis distances Remote and local control 
with automatic change of field size at these distances 

Optical front pointer and distance indicator 
Movement of the image intensifier axially over 40 cm both 


longitudinally and laterally + 19 cm Wide angle X-ray tube with concentric focal spots also available 


TEM Instruments Limited 


Gatwick Road, Crawley, Sussex, RH10 2RG, England Tel 0293 31244 
Telex: 87397, Grams: TESTMENT CRAWLEY 





mpact DIAGNOST 80 is a remote- 
controlled system suitable for a wide 
range of diagnostic applications while 
maintaining Philips high standards 

faccuracy and reliability. 

tem is highly versatile, and 
remains Nely easy to operate in 
either specialize cedures or in 
everyday routine work. “= 
The carefully balanced specifications 
of the DIAGNOST 80 provide for the 
economic operation ofageneral 
Xəray room. 


PHILIPS gm 


For detailed information on Philips DIAGNOST 80 


Write to Philips Medical Systems, Eindhoven, The Netherlands 
Ee: æ s tia AF AI Rain AalA l ana I anandan SWH? RSX 





Mammo 
elegant, e 


PHILIPS 


phy, 
ective 4 
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The importance 

of mammography 

as a means of detecting 

female breast abnorma- 

lities - early and accurately - is 

well-known. 

Philips’ Mammo DIAGNOST provides 

an elegant and effective solution to 

the problems inherent to radiographic 
examination of the breast. For in addition to 
optimum image quality, automatic exposure 
control and fast, simple operation,the Mammo 
DIAGNOST features multi-positional beam 
projection so that the patient, whether standing, 
sitting or recumbent, need not be moved. 


Medical 
Systems 





“or detailed information on Philips Mammo DIAGNOST, write to Philips Medical Systems Ltd. 








The Clinac 6/100 Medical Linear Accelerator is a first in low-energy 
radiotherapy equipment. A product of Varian advanced accelerator tech 
nology, its fully rotational 100 cm source-to-axis distance, 6 MV 
straight-through beam eliminates the need for complex beam-bending 
systems. The result is a precise, stable treatment beam. | 


An important evolution in l 
the low-energy Clinac line, the | Sa 
Clinac 6/100 has the most — ^ 
advanced features including 
dual dosimetry, gantry-mounted 
digital display, and auto- 
mation compatibility. 


A bold new design based on 
proven performance, the 
Clinac 6/100 uses key 
subsystem designs perfected 
and proven reliable through 
nine years of clinical 
experience in the highly 
successful Clinac 4. 





As with all Clinacs, the Varian Clinac 
6/100 is backed by the world's largest 
linear accelerator field service organiza- 


tion. Write or call today for full details. 
Medical Group, Varian Associates, 

611 Hansen Way, Palo Alto, CA 94303. 
Tel: (415) 493-4000. 


Accelerator First! 





Three-way flexibility in ct scanning 


'lEWING CONSOLE 


The Philips range of TOMOSCAN systems 
has been designed specifically to cover all 
ct scanning needs from neuroradiological 
to short-time total-body and paediatric 
applications. 

TOMOSCAN 100 combines flexibility with 
economy for 45-second scans, while the 
versatile TOMOSCAN 200 with its 20- 
second scan is ideal for all neuroradiolo- 
gical and internal medicine examinations 
For a minimum of movement artefacts 
there is the TOMOSCAN 300, with a 21/2 





PHILIPS . 


For detailed information on the Philips TO 


i Medica em d 45 Nightingale | 


second rotation scan for total-body, neuro- 
radiological and paediatric applications. 

As a leading medical manufacturer, Philips 
pay close attention to detail. Gantry 
openings are large enough for comfortable 
all-angle scanning and image quality is 
outstanding. All three systems, too, are 
designed for space economy. Computer- 
assisted operation means exceptional ease 
of use and flexibility in highlighting, analy- 
sing and manipulating designated regions 
of interest. 





to 
a SW12 8SX, UK or 





^ 


The generator The Philips Modular Generator series gives you 


full control of your generator while attending ! 


at your fingertips. the patient being examined. Controls for the 


Modular Generator are integrated in the 
















DIAGNOST 73, within your natural reach so that T 
Thanks to you Can select the appropriate parameters for 
the modular vp Td every routine examination 
ludus f yourself. This system of 
principle. E anatomically programmed radiography leave 
you free to concentrate on the patient, while 
retaining full control over the generator " 
——mÀ 
¥ 


1. All controls are, of 
course, duplicated onthe 
generator desk 


2. For bucky work on the 

DIAGNOST 73, or an 

additional unit, the genera P 
tor desk incorporates 

additional controls for 

anatomically programmed 

radiography. You are free 

to distribute the settings 

you require over the 

available push-buttons in 

whatever way you like - 


3. The generators 
incorporate automatic kV 
and mA control ensuring 
bright, evenly illuminated ad 
fluoroscopy pictures 

If necessary, you can 
Override the automatic 
settings for special 
fluoroscopic techniques 


PHILIPS [U re ras Systeme 


r further details contact 
Philips Medical Systems 
Eindhoven, The Netherlands 


Medical Systems Ltd 
Nightingale Lane 


Jon SW12 8SX 





Rapid, two-step j Safe positive pressure system 
automatic elution m 


Easy to lift 
and handle 
Convenient, 
well-shielded eluate 
vial container 


Reliable performance and 

consistently high yields — I 
from our unique AT | | 
generator column, p B. | L4 


ive shielding, 
rad 






Reliable service and 
supply. Despatched on 
any weekday 


Introducing our second generation generator 


"v 
+y 


The Radiochemical Centre Amersham 


The Radiochemical Centre Limited, Amersham, England. Tel: Little Chalfont (024 04) 4444 
In West Germany: Amersham Buchler GmbH & Co KG, Braunschweig. Tel: 05307-4693-97 








True qualities that 
come as a revelation 


Conray 
contrast 
media 


The dependable qualities and wide scope of 'Conray 
contrast media have been clearly demonstrated throughout 
many years of use in the field of radiodiagnosis. 

‘Conray’ offers a choice of formulations designed to 
provide wide margins of safety and comfort for the 
patient together with optimum visualization in a 
comprehensive range of procedures and techniques. 


'"Conray'* contrast media are formulations of meglumine 
iothalamate, sodium iothalamate or combinations of 
the two 


"trade mark of Mallinckrodt In 


Further information is available in the data sheet 
May & Baker Ltd Dagenham Essex RM10 7XS 


STE] Mayana) ef 
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Kontron/Roche are about to launch 
an entirely new portable real-time 
ultrasonic scanner as an aid to 
medical diagnoses. Called Axiscan 5, 















For demonstrations and full 
information about this scanner, 
please complete the coupon below 
and post to Dr. Peter Hargreaves, 


* delete as appropriate 






Z KONTRON 


- THEINSIDE STORY 












DENM b i 


Please contact me to arrange a demonstration of Axiscan 5 * 
Please send me further information about Axiscan 5 * 


Telephone number ............... 


, serving hospitals throughout the world 


the scanner enables the radiologist to 
observe a continuous grey scale 
moving picture of sections of the 
patient's internal anatomy. 


MNA Y 

a Cte ad 
>. 

Zt S; 

















Kontron Instruments Limited, 
PO Box 188, Watford WD2 4YX, 
or telephone Dr Hargreaves at 
Watford (0923) 47666. 
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OUr 
Scintigraph 
Kit "T 


Your kit starts with any of our three simple one-step preparations 
which combined with our new Sterile Technetium-99m Generator offers 
a complete package for liver, lung, bone and brain scintigraphy. Later 
we will be adding more kits to our range. 

All our kits are tested extensively in clinical trials which include 
the use of other technetium-99m generators as well as our own. All are 
terminally sterilized and every batch is animal tested. 


Agent for Bone Scintigraphy 


Our Technetium (MDP) Agent gives you the best skeletal visualization 
available today. The high bone uptake and rapid clearance from blood 
and soft tissue makes this superior to other bone agents giving better 
definition and improved discrimination. n 











New Agent for Lung Scintigraphy 

Our new Technetium (MAA) Agent offers 
detailed lung visualization, with no interference 
from the liver. Particle size is strictly controlled with 
the majority in the range of 10-80j.. 









Technetium 


New Agent for Liver Scintigraphy 
The latest addition to our . a—— | E i 


MARY Age, —— 
rangeisthe unique Technetium A ———À. TO 
(tin colloid) Agent. Its preparation 
is much simpler than sulphur 
colloid agents and requires no ERN 
heating stage. It will visualize liver ke »-- 
and spleen and unlike agents LIN B 
based on phytate, the colloid is 
formed in the vial, allowing 
quality control checks prior to 
injection. 





-* 
ee" 
The Radiochemical Centre 
Amersham 


The Radiochemical Centre Limited, Amersham, England. Tel: Little Chalfont (024 04) 4444, 
in W Germany: Amersham Buchler GmbH & Co, KG, Braunschweig. Tel: 05307-4693-97. 
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WE MANUFACTURE 


ontrast 


MEDIA 


products 


known 


WORLD-WIDE 


name isn 


GUERBET 
BETTER CONTRAST MEDIA THROUGH RESEARCH 


Laboratoire Guerbet, 16/24, rue Jean-Chaptal 
93601 AULNAY-SOUS-BOIS Cedex - FRANCE 
Telex : Guerbet 690682 





In lumbar and thoracic myelography 


Amioaque 


metrizamide 


a new principle in x-ray contrast media. 





@ water-soluble @ greater safety and less 


discomfort for the patient 
@ non-ionic 


@ good tolerance, especially 
with regard to epilepto- 
genic effects 


9 low osmolality 


@ detailed diagnostic 

rmi i 

information @ no late sequelae observed 

@ good correlation between 

radiological and operative 
findings 


Controiled clinical trials and the routine use of AMIPAQUE in more 
than 60 000 patients have confirmed the excellent tolerance of 
AMIPAQUI 


AMIPAQUE is available from your usual Vestric branch 


L] 

i 

i 

! For further information on Name 

i AMIPAQUE please contact 

i 

: Vestric Limited Inst 

|. Hospital Department Address 

| Chapel Street B 
! Runcorn, Cheshire WA7 5AP : = 
' AMIPAQUE i ns j trà 








BJR Supplements 


No.1 Certain aspects of the action of radiation on 
living cells, edited by F. G. Spear (1946) 


No.2 Some applications of nuclear physics to 
medicine, by W. V. Mayneord (1950) 


No.4 Cancer of the breast, by D.W. Smiths, 
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No.9 The spectra of X rays scattered in low atomic 
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Supplement No.13 


British Journal of Radiology (1975) 


Published by The British Institute of Radiology, 32 Welbeck Street, 
London W1M 7PG 


The Pathogenesis of Reflux Nephropathy 


By Professor C. J. Hodson, F.R.C.P., F.R.C.R., 

T. M. J. Maling, M.B., B.Ch., M.C.R.A., F.R.C.R., 

P. J. McManamon, M.B., B.Ch., L.G.M.C., F.R.C.R. and 
M. G. Lewis, M.B., B.S., M.D., M.R.C.Path. 


The association between vesico-ureteric reflux and renal damage has been 
recognized for some time, but it has usually been assumed that the damage is due 
to infection promoted by the reflux. However, observations by Rolleston and his 
colleagues in New Zealand have indicated a link between the severity of reflux and 
renal damage. Furthermore they have suggested that reflux penetrating into the 
renal substance is the factor most likely to explain the production of renal scarring. 


These observations have been given a firm experimental basis by Professor 

Hodson and his associates. Their careful work on the growing pig has shown that 
the sites of intra-parenchymal or intra-renal reflux (1.R.R.) are the sites of 

subsequent scarring and atrophy. I.R.R. only occurs above a critical pressure level ; 
reflux at lower-pressures produces no evident damage. Infection aggravates scarring, 
but in the presence of I.R.R., scarring can occur with sterile urine. 


The work set out in this monograph has wide practical implications, and is of 
interest to paediatricians, nephrologists, urologists, radiologists and others 
concerned in the management of patients with urinary tract infection. 


PRICE: £1:90 

Please supply copies 

Cheque/postal order for £ enclosed (pounds sterling) 
Dispatch to: 


Name 





Address 











Signature 
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Computed tomography in pancreatic disease 


By R. A. Fawcitt, M.B., Ch.B., D.M.R.D., F.R.C.R., W. St. C. Forbes, M.A., M.B., D.R.C.0.G., 
D.M.R.D., F.R.C.R.,* I. Isherwood, M.B., Ch.B., D.M.R.D., M.R.C.P., F.R.C.R. 


Department of Diagnostic Radiology, University of Manchester 
J. M. Braganza, M.Sc., M.R.C.P., and H. T. Howat, C.B.E., M.B., F.R.C.P., F.R.C.P. (Ed.) 


Department of Gastroenterology, University of Manchester 


( Received July, 1977) 


ABSTRACT 

Computed tomography (CT) of the pancreas has been 
evaluated in 50 patients with established exocrine pancreatic 
disease and 20 patients without pancreatic disease. 

Increase in size, irregularity in outline and heterogeneity 
of composition of the pancreas implied disease but were in 
no way specific to any particular disease entity. In acute 
pancreatitis, following complete resolution, the pancreas 
appeared normal whereas incomplete resolution was associ- 
ated with non-specific swelling and beterogeneity of density. 
The extent and location of pseudocysts could be accurately 
delineated. In chronic pancreatitis, duct calculi, duct dila- 
tation and large intrapancreatic cysts aided the differentia- 
tion between focal enlargement due to chronic pancreatitis 
and expansion due to cancer. Hepatic metastases and abnor- 
malities of the biliary system seen in association with cancer 
further aided this differentiation. 


Following the development of CT as a method of 
neuroradiological investigation, this non-invasive 
technique of horizontal section tomography has been 
extended to cover the whole body. Several studies 
(Alfidi et al., 1975; Haaga et al., 1976; Kreel, 1977; 
Sheedy et al., 1976; Stanley et al., 1976; Wiggans 
et al., 1976) have indicated that the pancreas can be 
delineated. 

This study is an assessment of the C'T appearances 
of the normal pancreas and of the changes associated 
with established pancreatic disease. Such observa- 
tions are a prerequisite to a further planned pros- 
pective study of CT in the management of pancreatic 
disease. 


MATERIALS AND METHODS 
All patients have been investigated with the EMI 
whole body scanner (CT5000) situated in the De- 
partment of Diagnostic Radiology, Medical School, 
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University of Manchester, using the fast scan mode 
(20 seconds). 

Fifty patients with pancreatic disease have been 
examined. Nine had a diagnosis of acute and relaps- 
ing acute pancreatitis and were examined 1-12 weeks 
after the clinical attack. Thirty patients had a 
diagnosis of chronic pancreatitis and were sub- 
divided on clinical grounds into: (a) relapsing chro- 
nic pancreatitis; (b) silent chronic pancreatitis (in 
which pain was never a feature); (c) patients with 
constant pancreatic pain for more than 12 weeks. 

Eleven patients with cancer of the pancreas were 
examined either to establish the diagnosis or for 
follow-up examination after surgery. 

The CT appearances of the normal pancreas were 
evaluated in 20 patients; ten in whom pancreatic 
disease was suspected but finally excluded and ten 
undergoing investigation of the upper renal tract. 

All patients were examined in the supine position 
and a number in the right lateral decubitus position. 
The latter was of value in the determination of 
pancreatic. mobility and accurate location of the 
pancreatic head. 

Bowel paralysis was obtained with Propantheline, 
30 mg i.v. injection. Variation in the level and 
obliquity of the pancreas necessitated several adja- 
cent sections to delineate the length of the organ. 


TABLEI 





a 









CT Pancreatitis 
appearance Chronic Acute Cancer | 
Normal 4 1 i | 
Abnormal 26 8 10 | 
Db occ cen med 
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TABLE 1I 


Pancreatitis 


C'T abnormal features Chronic 
General n=30(°,) 
Size 
Reduced 4(13) 
Increased 12 (40) 
Irregular outline | 18 (60) 
Heterogeneous density 12 (40) 
Loss of mobility 6/17 (35) 
Obliteration of retropancreatic 
space 4+ (13) 


TABLE 


Pancreatitis 


CT abnormal features Chronic 


Detailed n (?5) 
Localized swelling | 9 (30) 
Duct calculi 11 (33) 
Duct dilatatior 14 (47) 
Intrapancreatic cyst 4(13) 


Extrapancreatic cyst 
He patic metastases 
Dilated bile ducts 


Some sections were repeated after oral contrast 


(Gastrografin 5 contrast (100 ml Conray 


420) or both 


) or EY 


RESULTS 
Visualization of the pancreas or pancreatic region 
was of diagnostic quality in all but one patient. No 
CT abnormality could be detected in six of the 50 
patients with established pancreatic disease (Table I) 
Tables I] 


and III. The size of the pancreas was evaluated by 


The features observed are tabulated in 


noting the ratio of the A.P. diameter of the pancreatic 
body and the A.P. diameter of the adjacent vertebral 


body. A ratio of less than one-third was considered 


small and above two-thirds large 


DISCUSSION 


l'he normal pancreas (Fig. 1) was usually of 
homogeneous density similar to that of liver and 
spleen and of smooth outline but occasionally showed 
hne mottling (2/20) or fine crenation of contour 
(4/20). The ratio between the A.P 
gland and the A.P. diameter of the adjacent vertebral 
was 0.5--0.11 (Mean +2 S.D.). The retro- 


pancreatic fat space was well demarcated and the 


diameter of the 


body 


superior mesenteric artery always definable in this 


space. 


Acute Cancer Norma! 
n=9(%) n=11(%) n=20(",,) 
0 0 2 (10) 
+ (44) 7 (64) 1 (5) 
5 (56) 7 (64) 2 (10) 
5 (56) 5 (45) $ (20) 

I 3 ?1 
1/3 (33) 
I 
0 2 (18) | 
I 
IH 
Acute Cancer Normal 
"n t ) ni ) 
mene) 9 (82) 
2 (22) 
| l 
(22) | | 
4 (36) | 
4 (36) 








Fic. 1. 


Normal pancreas (1). Gastrografin in stomach and duodenal 
loop (—). 


Increase in size, irregularity in outline and hetero- 
geneity of density of the pancreas imply disease but 
are not specific to any particular disease entity. 

Following acute pancreatitis the appearances at 
CT varied with the extent of clinical recovery. When 
recovery was complete the pancreas appeared nor- 
mal, when incomplete a swollen, irregular pancreas 
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Computed tomography in pancreatic disease 





Fic. 2 
Bilocular pancreatic pseudocyst of low density (<—) 
kidney displaced anteriorly (|). 


Left 





Fic. 3 


Two paraductal intrapancreatic ) expanding and 
deforming the head of the pancreas. Note calcification within 
the pancreas 


cysts (, 


of heterogeneous density was observed. The extent 
and location of pseudocysts (Fig. 2) in relation to 
adjacent viscera were readily identifiable. 

C'T was abnormal in 27 of 30 patients with chronic 
pancreatitis. Of the three patients with normal scans 
one subsequently had a distal pancreatectomy with 
confirmation of chronic pancreatitis and two patients 
with abdominal pain had severely impaired pancre- 
atic exocrine secretion and subsequently developed 
diabetes. The diagnostic features of chronic pan- 
creatitis were duct calculi, dilatation of the main 





Fic. 4 
Recurrent carcinoma of the ampulla of Vater (+). Not 
annular deformity of contrast-filled second part of the 
duodenum (—-), Patient in the right lateral decubitus 


position 


pancreatic duct and paraductal cysts which signifi- 
cantly deformed the surrounding parenchyma (Fig 
3). For two patients in clinical remission but with 
large paraductal cysts, discovery of the cysts was a 
valuable contribution to management. In a disease 
which progresses inexorably to destruction of pan- 
creatic tissue the size of the pancreas would not be 
expected to increase even during a clinical relaps¢ 
and indeed may even be reduced. CT abnormalities 
in silent chronic pancreatitis were generally similar 
to those in relapsing chronic pancreatitis with the 
exception that none of the eight patients examined 
had a large paraductal cyst. All four patients with 
relentless abdominal pain had a mass in the head of 
the pancreas which contained cystic or calcified 
areas. These findings were confirmed at operation 
which was required for the relief of the pain 

Cancer of the pancreas commonly produced a 
solid localized mass of varying density (nine of 11 
patients) with gross distortion of local anatomy and 
loss of definition between pancreas and contiguous 
viscera (Fig. 4). Absence of features specific to 
chronic pancreatitis (in which focal enlargement of 
the gland was also seen in seven of 30 patients), 
associated abnormalities of the biliary tree and the 
presence of metastases in the liver or para-aortic 
The CT 


scan was normal in one patient with a Zollinger- 


nodes further aided this differentiation 


Ellison syndrome who was found to have a gastri- 
noma at laparotomy. 
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CONCLUSION 

It is apparent that some of the radiological features 
of the pancreas as seen on the CT scan are non- 
specific but some characteristic features are readily 
detectable. These features may be of value not only 
in the differentiation of diseased from normal pan- 
creas but also in the definitive diagnosis of the disease 
process. 
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Book review 


Determination of Absorbed Dose in a Patient Irradiated by 
Beams of X or Gamma Rays in Radiotherapy Procedures, 
ICRU Report 24, pp. vii--67, 1976 (Washington, ICRU 
Publications), $6, 

Report 24 is the second of a group of three which collec- 
tively supersede Report 10d on Clinical Dosimetry (1963). 
(Report 23 (1973) dealt with absorbed dose in a water 
phantom under well defined conditions of irradiation.) 
Report 24 (1976) deals with the transition from phantom 
dose to patient dose under conditions of clinical irradiation. 
It opens with a comprehensive review of terminology and 
current practice in obtaining and presenting basic data from 
water phantom measurements, overlapping considerably 
with ICRU 23 in the interests of completeness. The next 
chapter on patient data describes present methods of ob- 
taining contours and cross-sections, and emphasizes the 
inadequacy of the anatomical information frequently used as 
a basis for treatment planning. The brief mention of com- 
puterized tomography leaves an uneasy feeling that this 
chapter will be quickly outdated by the impact of CT scan- 
ing. Three alternative methods of allowing for oblique in- 
vidence are described in the chapter on combination of 
basic and patient data, which also considers compensation 
for body inhomogeneities and cavities. After two pages of 
elementary “do-it-yourself” instruction on the technique of 
manually combining single beam isodoses, I found the 
following statement rather odd: “The procedures described 
in the preceding section are independent of the nature and 


even the existence of a patient". On the contrary, the pro- 
cedures assume that the patient is present and is water 
equivalent. The presentation of dose distributions in the un- 
usual form of scaled down “plateau diagrams" in idealized 
quasi-elliptical patients is developed at length, rather out of 
proportion to its usefulness in real treatment planning. The 
section on computation for rotation or arc therapy ends with 
some penetrating comments on the limitations of the result- 
ing dose distributions, but surprisingly fails to mention the 
use of wedges to overcome the limitations. Compensating 
filters are particularly well reviewed in the chapter on plan- 
ing and delivery of radiation therapy, which also in- 
cludes a plea for more in vivo dose measurements. In the 
last section the authors have done a valuable service by 
gathering together the published facts in the very important 
but hitherto neglected area of inaccuracies in clinical dosi- 
metry caused by mistakes of all kinds at all stages of the 
radiotherapy treatment flow chart. Their conclusion that 
even in "careful" centres mistakes of 5% or more in cumula- 
tive tumour dose occur in 3 to 494 of treatments shows that 
we have not yet solved the problem of delivering the pre- 
scribed dose to the target volume. In spite of my few points 
of criticism, this is an impressive report. Previous ones were 
aimed clearly at the physicist, but the refreshingly broader 
approach in ICRU 24 makes it essential reading for both 
physicists and clinicians actively involved in radiotherapy. 
W. H. SUTHERLAND. 
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Pseudo-occlusion of the internal carotid artery 
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Institute of Neurological Sciences, Southern General Hospital, Glasgow G51 4TF 


(Received May, 1977 and in revised form June, 1977) 


ABSTRACT 

In a ten-year period, 31 cases of pseudo-occlusion of the 
internal carotid artery were seen; 42 carotid angiograms 
were available for analysis. On the first film of the series the 
contrast came to a tapered end in the cervical portion of the 
internal carotid artery in 16; extended to the carotid canal 
in 11; to the siphon in eight and to proximal intracranial 
vessels in seven. In 17 patients later films showed advance 
of the contrast. In four it did not get beyond the foramen 
lacerum; in eight it reached the siphon and in five the 
proximal intracranial vessels. Eight angiograms of patients 
with intracranial occlusion were examined and showed 
identical appearances. 

Contrast opacified the middle menigeal artery in 29 of the 
31 pseudo-occlusion cases. The circulation time was slow in 
28. The circulation times through the middle menigeal 
artery were more or less identical with those in the super- 
ficial temporal arteries and unaffected by systolic. blood 
pressure. 

Twenty-three of the pseudo-occlusion cases were being 
ventilated and 25 had fixed dilated pupils. The commonest 
aetiological factors were trauma, haematoma due to ruptured 
aneurysm and primary tumour. In the occlusion group no 
case was being ventilated and only one had fixed dilated 
pupils. Course of action on finding the appearances of 
pseudo-occlusion is suggested. 


The term pseudo-occlusion was proposed by Newton 
and Couch (1960) to describe an appearance first 
reported by Riishede and Ethelberg (1953) in five 
moribund patients with acutely raised intracranial 
pressure. Contrast does not usually progress beyond 
the carotid siphon and any filling of intracranial 


vessels that occurs is very slow and incomplete. 
Davies and Sutton (1967) reported five cases seen 
over the preceding 12 years to add the to 25 cases 
which they had culled from the literature. With the 
advent of EMI scanning, angiography is likely to be 
used less frequently in conditions associated with 
high intracranial pressure. It seemed appropriate, 
therefore, to review the angiograms performed in 
this Institute during the ten-year period 1966-75, as 
such numbers will not likely be available in the 
future. An additional reason is that there have been 
recommendations from some countries that this 
sign should be sought as confirmatory evidence of 
brain death. 


METHODS 

Contrast medium (10 ml) was injected by hand 
through a 17-gauge cannula into the common 
carotid artery. An automatic timing device gave 1.25 
sec between each exposure. A non-screen film of the 
carotid bifurcation in the neck, taken as a routine, 
made it possible to verify that there was no technical 
reason for the appearances. 


RESULTS 
In the ten-year period under review there were 
16 cases in which the contrast medium did not go 























TABLE I 
GROUP TO BE DISCUSSED 

Ga Pda  ————— SNR "m eee ] 
‘Total car. | 
angiosfor | 
Cases Bilateral examinations Unilat. exam. for analysis 
Bilat. Unilat. | 
pseudo-occl. pseudo-occl, | 

GroupI 16 4 i= 23 

Contrast did | Arteries patent 

not extend at autopsy i 
beyond DE - ST, PEST PANES OC DE ET SRI E RUNDE i 
Pseudo- siphon Group Il 6 2 2 2 8 | 
occlusion no autopsy | 
Group IHH 9 2 4 3 11 | 
Contrast Arteries patent i 
slightly at autopsy | 
vond SuSE Me = REN Dec senna "MS oc: 

siphon | Total 31 10 10 12 42 
—— dM m pal REPRE: | 
Occlusion Group IV 7 1 3 3 8 | 











*Including a repeat of a bilateral examination. 
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beyond the carotid siphon and in whom subsequent 





post-mortem examination demonstrated patent 
arteries (Group I); six similar cases in whom no 
| necropsy was done (Group II); nine in which the 
E contrast extended slightly into the supraclinoid 


branches 
) 
) 
> 
c 
1 


| 
| 


| — — vessels and in whom the post mortem demonstrated 


f contrast on fifth 





patent arteries (Group III). In addition there were 


e|ojoj||nv seven cases with radiological pseudo-occlusion but in 


Siphon 


whom the appearance was actually caused by 





+____— thrombosis or embolus (Group IV). 





z. The radiological features of each side of a bi- 








canai 


*|leloj|*|- lateral angiogram have to be examined separately so 
E that in certain tables it will appear that in Group I 
there were 23 carotid arteriograms for analysis; 





Extent of advar 


| 
i 
‘= 





eight in group II; 11 in Group III and eight in 
a ies eem; ame: nen Group IV. (Table I) 


OCCLUSION GROUPS 


AND 


—- — Carotid appearances (Table II) 
On the first film of the series the contrast column 
*|o|"|e|ec came to a tapered end in the internal carotid artery 





LUSION 


X^ 


à head 


Or 


| in the neck in 16 of the 42 angiograms in the pseudo- 
= occlusion groups (I-III), (Fig. 1). It extended to the 


| 
| 
| 


PSEUDO-¢ 


carotid canal in 11; to the siphon in eight, and to the 
| aer ee | proximal intracranial vessels in the remaining seven. 
On the subsequent films there had been no progress 


- - — — — of the contrast column in 25. In 11 the column had 


Not 


advanced 


rHi 
Type of advance of contrast column 


ABLI 
APPEARANCES IN 


advanced in a layered fashion (Fig. 2). and in six 
by a head of contrast (Fig. 3). In four of the 17 





Proximal 
intracrania 


| 
| 
| 
| 


on first film 
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Fic. 1. 


Pseudo-occlusion case. At the time of the first film of the 
series, the contrast in the internal carotid artery came to a 
m = = tapered end in the neck. 
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Fic. 2. 


Pseudo-occlusion case. (4) First film. (B) Film 5 sec later 
showed that the contrast column had advanced in a layered 
fashion 


angiograms where the contrast advanced it did not 
get beyond the foramen lacerum; in eight it reached 
the siphon and in five the proximal intracranial 
vessels. From the eight angiograms in Group IV 
(occlusion would that identical 


cases) it seem 


- 


Pseudo-occlusion case. (A) Third film of series. (n) 21 


later showed advanced bv a head of contrast 


sec 


appearances may result from thrombosis or embolus. 
The contrast came to a tapered end in the internal 
carotid artery in the neck on the first film in four 
(Fig. 4); in two it reached the carotid canal and in 
two the siphon. Subsequent films showed no pro- 
gress of the contrast column in three cases while in 
the other five the column had advanced in a layered 
fashion. In one of these it reached the carotid canal 
(Fig. 5); in three the siphon (Fig. 6) and in one ex- 
tended slightly into proximal intracranial branches. 
In one case bilateral examination showed features 
identical with those seen in the pseudo-occlusion 
cases, but autopsy revealed bilateral emboli. 
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Fic. 4. 


At the time of the first film of the series, the 
contrast in the internal carotid artery came to a tapered end 
in the neck. (Compare Fig. 1.) 


Occlusion case 





Fic. 5 


On Same case as Fig. 4. Five seconds later the 


contrast had reached the carotid canal 


tusion case 





Fic. 6. 


Occlusion case, The final film in a series showing that the 
contrast had reached the carotid siphon. (Compare Fig. 3n.) 


Circulation through the middle meningeal artery 
Contrast failed to enter the middle meningeal 
artery within the skull in only two of the 31 pseudo- 
occlusion cases. However using the criteria of Mac- 
pherson and Graham (1973), circulation through the 
middle meningeal arteries was markedly slow in 19; 
moderately in eight; slightly in one and normal in 
only one. Circulation was markedly slowed in four 
of the five occlusion cases in which estimation was 


possible. 


Comparison of circulation times between the middle 
meningeal and superficial temporal arteries 

In 23 of the 31 pseudo-occlusion cases the circu- 
lation rate in the superficial temporal artery was the 
same as that in the middle meningeal artery. In three 
cases the rate in the middle meningeal artery was 
slightly and in two moderately slower. In a further 
two the contrast did not get into the intracranial part 
of the middle meningeal artery. In the remaining 
case the rate in the superficial temporal artery was 
slightly slower. The rates were the same in four of 
the six occlusion cases in which comparison was 
possible, and slower in the superficial temporal in the 
remaining two. 


Clinical state at time of angiogram 

In 25 of the 31 pseudo-occlusion cases the pupils 
were fixed and dilated, one had reacting pupils and 
the state of the pupils had not been recorded in the 
remaining five. Twenty-three cases were being 
ventilated; three others had had periods of apnoea 
and a further case required to be kept on a ventilator 
after angiography. In the occlusion group one case 


TABLE IH 
LESIONS ACCOUNTING FOR THE PSEUDO-OCCLUSION 
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*Done for confirmation of cerebral death. 


had fixed dilated pupils and died from massive 
brain infarction with swelling. No case was being 
ventilated. The systolic blood pressure recording at 
the time of angiography was > 80 mm mercury in 24 
of the 31 cases. In no case was there a recording 


below 60. 


Aetiological factors (Table IIT) 

The commonest intracranial lesions were trau- 
matic in origin, haematoma due to ruptured berry 
aneurysm and primary tumour. 


Assoctation with raised intracranial pressure 

Raised intracranial pressure was confirmed in all 
25 cases in which post mortem examination was 
carried out. 


Discussion 

Failure to demonstrate the intracranial vessels at 
carotid angiography may be technical but such 
appearances are unlikely to give rise to confusion, 
Experimental work by Mitchell et al. (1962) showed 
that when the intracranial pressure equalled the 
diastolic blood pressure, spontaneous respiration 
ceased and when it equalled the systolic blood 
pressure the intracranial vessels could no longer be 
filled under the standard conditions of injection, but 
that some filling could be achieved by forced in- 
jection. 

Hugh and O'Malley (1975) stated that the appear- 
ance of pseudo-occlusion was quite different from 
the local stasis seen in patients with cerebro-vascular 
disease because it extended the full length of the 
vessel with a thickness depending on the degree of 
slowing. 

In the present series the commonest radiological 
appearance was in fact a tapered stop in the internal 
carotid artery in the neck on the initial film without 
further progress of contrast. Other cases showed a 
build-up of contrast in dependent portions with a 
spill over into the next concavity. On a few occasions 
the contrast advanced with a "head". These changes 
are presumably related to the level of intracranial 
pressure and to gravity, though the force of in- 
jection might play a part. Glickman et al. (1972) used 
gravity-assisted arteriography in two cases of 
pseudo-occlusion. By putting the patient into the 
hanging head position, the intracranial vessels were 
below the level of the internal carotid arteries. A 
subsequent injection resulted in sufficient intra- 
cranial filling to be of diagnostic value. 

In the present series there were five cases which 
showed no supraclinoid contrast on one side but 
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shght outlining of proximal intracranial vessels on 
the other side. In the four of these which had post- 
mortem examinations, the contrast had failed to 
enter the supraclinoid vessels on the side of the space 
occupying lesion. There were two patients with 
calcification in the siphon and proximal middle 
cerebral artery. In both, the contrast extended into 
the middle cerebral artery to the end of the calcified 
section. This raises the possibility that the rigidity of 
the wall prevented the pressure effect on the artery. 

The fact that the intracranial portion of the middle 
meningeal artery was outlined in all but two cases 
lends support to the belief that the extra and intra- 
dural pressures are not always equal. 

Of the 31 cases reviewed by Davies and Sutton 
(1967), 18 required artificial ventilation and a further 
two had Cheyne Stokes respiration. In the present 
series an even greater proportion had respiratory 
difficulty. In the occlusion group (Group IV) none 
was being ventilated and only one had fixed dilated 
pupils. The clinical state therefore is important in 
the interpretation of the angiographic appearance. 

As in the other series reviewed, the most common 
intracranial lesions were traumatic in origin, haema- 
toma and primary tumour. 

All 31 cases in the pseudo-occlusion groups (I- 
HI) died so that it might be assumed that the 
appearances are synonymous with, or will be followed 
inevitably by, brain death. However, identical ap- 
pearances were shown in the Group IV (thrombosis 
and embolus) cases described. 1f such an obstruction 
is beyond the origin of the ophthalmic artery, the 
escape of blood into this vessel will allow a little flow 
to continue in the internal carotid artery thus 
mimicking a pseudo-occlusion. 

There is always the possibility that one is examin- 
ing the patient during a plateau wave of intra- 
cranial pressure, There may, therefore, be a place for 
making an immediate burrhole with ventricular de- 
compression followed by a further attempt to show a 
remediable lesion. 


Suggested course of action on finding appearances of 
pseudo-occlusion 

1. Immediately elevate the patient's head to drain 
contrast from the dependent loops, as pooling may 
be causing a complete obstruction to the blood flow. 

2. Perform arteriography on the other side, be- 
cause unilateral thrombosis and embolism can 
produce identical appearances. 

3. Repeat arteriography (lateral and basal views) 
with the patient in the hanging head position, as the 
assistance of gravity may result in sufficient con- 
trast entering the intracranial vessels to be of diag- 
nostic value. 

4. Consider from the history and clinical state 
whether immediate ventricular decompression is 
justified with a view to gaining time for a further 
diagnostic procedure, in the hope of finding a 
remediable lesion. 

5. Scrutinize closely the external carotid branches 
for evidence of meningioma. 
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ABSTRACT 

It has been suggested that the bile ducts are seen better 
during intravenous cholangiography when the contrast me- 
dium is given by infusion rather than by injection in a single 
bolus. As an explanation, it has been proposed that a 
greater amount of contrast medium is bound to plasma 
proteins after infusion, resulting in a smaller quantity of 
contrast medium being excreted in the urine, so leaving a 
larger total for excretion by the liver. 

In this study, the urinary excretion of !25] labelled iodi- 
pamide methylglucamine (50% w/v Biligrafin forte) has 
been measured in 42 patients. The patients were divided 
into two groups. One group received a slow infusion of 
radioactive iodipamide over 45 minutes and the other an 
intravenous injection over five minutes, When a relatively 
high dose (0.6 mg/kg body weight) was used, no difference 
in urinary excretion was noted between these two groups; 
but with a lower dose (0.2 mg/kg body weight), slow infusion 
resulted in a reduced urinary excretion: however the total 
difference in contrast lost in the urine was too small to affect 
biliarv concentration, 

The patterns of protein binding of iodipamide have been 
examined in 12 of these patients. The results show that at 
the low dose a higher percentage of radioactive iodipamide 
is bound to protein in patients given contrast by infusion. 
"There is clear evidence that the contrast binding capacity of 
plasma is limited so that with higher doses, much contrast 
remains unbound. At any given dose level, there is an 
inversecorrelationbetweentheproportionofcontrastboundto 
protein and the urinary excretion. The factors affecting 
contrast binding in individual subjects are not clear. 


Two reasons have been given for preferring the in- 
fusion technique in intravenous cholangiography. 
One is that side effects are reduced (Darnborough 
and Geffen, 1966; McNulty, 1968; Foy, 1968; 
Nolan and Gibson, 1970). The other is that there is 
said to be improved visualization of the bile ducts 
(Feldman and Keohane, 1966; McNulty, 1968; 
Payne, 1968; Painter, 1972), though this is not gen- 
erally accepted. 

As an explanation for the latter, it has been sug- 
gested (Cooperman e£ al., 1968) that with the in- 
fusion technique, a greater amount of contrast is 
bound to plasma protein and that this results in a 
smaller quantity of contrast medium being excreted 
in the urine, and hence a larger quantity in the bile. 
To test this hypothesis the urinary excretion of iodi- 





*Present address to which requests for reprints should be 
sent: Department of Diagnostic Radiology, The Royal 
Marsden Hospital, Downs Road, Sutton, Surrey SM2 5PT. 
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pamide (5095 w/v Biligrafin forte) labelled with 1?5T 
sodium iodipamide has been compared, using the 
slow infusion technique and the bolus injection. We 
have also examined the patterns of contrast binding 
in the serum using the radioactive tracer dose tech- 
nique in a small number of patients, and have com- 
pared the cholangiographic quality after different 
dosages and forms of administration. 


METHODS 

Forty-two adult patients between the ages of 29 
and 75 years (22 males and 20 females) requiring 
intravenous cholangiography were investigated. The 
purpose of the investigation was explained to them 
and their consent obtained. Ethical committee ap- 
proval was also obtained for the project. Patients 
were excluded from the study if they were under 21 
or over 75 years, if there was any history of thyroid 
disease or if they were taking barbiturates, sulphona- 
mides or sulphony! urea drugs. Premenopausal 
women were not studied because we used a radio- 
active tracer dose technique for estimations on blood 
and urine samples. Serum bilirubin, plasma crea- 
tinine and plasma proteins were estimated and 
patients excluded from the study if the serum bil- 
irubin was greater than 17 mol/l, plasma creatinine 
greater than 130 mol/l or if the plasma proteins 
showed any abnormality. 

All patients received 50% w/v iodipamide methyl- 
glucamine (Biligrafin forte Schering Chemicals Ltd) 
to which had been added 5 Ci of ??5] sodium iodi- 
pamide obtained from Schering Chemicals Ltd. 
This solution will be referred to as radioactive iodi- 
pamide. The patients were divided by random 
selection into two groups. Group A received 0.6 
ml/kg body weight of radioactive iodipamide in an 
injection given over five minutes, followed by 250 ml 
0.995 saline over the next 40 minutes. Group B re- 
ceived 0.6 ml/kg body weight of radioactive iodi- 
pamide diluted in 250 ml 0.9%, saline by intravenous 
infusion over 45 minutes. 

À further series of tests using a lower dose was 
carried out on the following two groups. Group C 
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received 0.2 ml/kg body weight of radioactive iodi- 
pamide in an injection given over five minutes, 
followed by 250 ml 0.995 saline over the next 40 
minutes. Group D received 0.2 ml/kg body weight of 
radioactive iodipamide diluted in 250 ml 0.9%, saline 
by intravenous infusion over 45 minutes. 

All patients were given a five-day course of potas- 
sium iodide (100 mg daily) to prevent uptake of the 
radioactive iodipamide by the thyroid gland. On the 
morning of the examination, a control film was taken 
and the subject then emptied his/her bladder. The 
subject then received either the intravenous infusion 
or a single bolus injection. Urine was collected for 
the first three hours and then for the subsequent 21 
hours. 

The urinary excretion of radioactive iodipamide 
was then estimated as a percentage of the adminis- 
tered dose by measuring the radioactivity in each 
urine sample and in an aliquot of the administered 
dose. A well scintillation counter was used. 

The percentage of iodipamide bound to serum 
protein was estimated in three patients in each 
group. Each sample of serum was separated into two 
portions. In one portion serum, contained in Visking 
tubing, was dialysed against 0.9% saline w/v for 24 
hours at +4°C. The free 1251 contrast was thus dia- 
lysed out and the serum protein retained within the 
Visking tubing. The residual 1?5] activity within the 
Visking tubing was then counted. This latter activity 
was compared with the total contrast radioactivity in 
the other portion of serum and the percentage of 
contrast bound to the protein was then calculated. 
The results are expressed as protein binding of 
iodipamide. 

Radiographs including three layer tomography 
were exposed 45 minutes after the beginning of in- 
jection/infusion with further tomographs as required 
to show the duct adequately and with late films, if 
needed, to show the gall-bladder. The radiographic 
quality of 36 examinations was assessed by grading 
them as good, adequate and poor. In the "good" ex- 
aminations, the concentration in the ducts was 
sufficient to show hepatic ducts clearly and the bile 
duct was sharply defined. In the "adequate" 
examinations the bile duct was visible but the outline 
was less clear and hepatic ducts were not well shown. 
"Poor" studies were those in which the ducts were 
sot seen sufficiently well for diagnostic purposes. 


RxsuLTS 
5095 radioactive iodipamide 0.6 mlikg body weight. 
Groups A and B 
The results of tests in 12 patients who received a 
bolus injection (Group A) and those who received a 
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excretion of iodipamide during first three hours shown in brackets. 


slow intravenous infusion (Group B) are shown in 
Fig. 1. The percentage of radioactive iodipamide 
excreted in the urine is plotted on the ordinate. 
During the first three hours the mean percentage ex- 
cretion for the injection group was 11% (S.E.4-1.2) 
and for the infusion group was 15.195 (S.E. 4-2.0). 
The difference between the two means is not signifi- 
cant. The mean percentage urinary excretion over 
the subsequent 21 hours for the injection group was 
9.0% (S.E. -- 1.6). The difference between these two 
means is again not significant. 


3094 radioactive iodipamide 0.2 ml/kg body weight. 
Groups C and D 

The results of nine patients who received a single 
bolus injection (Group C) and nine who received a 
slow infusion (Group D) are shown in Fig. 2. During 
the first three hours the mean percentage urinary 
excretion of radioactive iodipamide in the injection 
group is 7.7% (S.E. +0.8) and in the infusion group 
4.8%, (S.E. 4-0.6). The difference between these two 
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means is significant (p 0.01, one tailed test). There is 
no significant difference between the means for the 
subsequent 21 hours. 

Figures 3 and 4 show the patterns of protein 
binding during the first three hours after commenc- 
ing administration of contrast, After injection of 
0.6 ml/kg iodipamide much of the contrast is at first 
unbound, the percentage rising later when the 
plasma level will be falling. Infusion gives rather 
different patterns of percentage binding but total 
binding during this period is no greater than after 
injection. Following the lower dose of 0.2 ml/kg the 
protein binding patterns are more consistent. With 
injection the percentage binding rises steadilv to- 
wards 10095. During infusion almost 10095 binding 
is reached quite early and there is then a temporary 
drop in percentage binding, indicating that during 
this period there is an excess of contrast over the 
available binding sites. 

Table I sets out the results of the assessment of 
radiographic quality in the cholangiograms obtained 
from the four groups of patients (A, B, C and D). 
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TABLE I 
ASSESSMENT OF RADIOGRAPHIC QUALITY IN GROUPS A, B, C anp D 
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| High dose (22 patients) Low dose (16 patients) 

















No, Examinations 

Scores: Good 
Adequate 

Poor 


—————Á (RR 


| 
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Twenty-two patients received the high dose (Groups that this is a necessary preliminary to hepatic ex- 
A and B), and 16 the low dose (Groups C and D). cretion (Knoefel, 1971; Song et al., 1976). Animal 
Although the total number of examinations assessed work by Lasser et al. (1962), Fischer (1966) and 
for radiographic quality is small, there is no signifi- Feldman and Keohane (1966) has been taken by 
cant difference in the scores (good, adequate and Cooperman et al. (1968) to suggest that slow infusion 
poor) when the high dose is compared with the low might act differently from bolus injection by allow- 


dose and the injection compared with infusion. ing more time for protein binding of contrast, so 
reducing the amount available for glomerular filtra- 
DISCUSSION tion. It was further suggested that hepatic excretion 


Biliary contrast mediaareknowntobecomeboundto might be increased by this means. It is clear that 
protein in the plasma though it is not now believed if the urinary contrast output were similar after 
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infusion and after bolus injection this hypothesis 
would be invalidated and this was the basis for our 
study. We chose a three hour period for our initial 
collection because this covers the time during which 
the examination is usually performed and when 
differences in excretion might affect the radio- 
graphs. 

Clearly, it would be preferable to undertake direct 
estimation of biliary contrast medium in man as has 
been done in the experimental animals. There are, 
however, a number of difficulties in making ex- 
tensive studies of this sort. With present techniques 
it can only be done after insertion of a T-tube and it 
is then essential to maintain an intact enterchepatic 
circulation to avoid misleading results (Whitney and 
Campbell, 1972). Animal studies indicate that a 
period of at least two weeks is required after in- 
sertion of a T-tube before dependable results are 
obtained (Dowling et al., 1970). Furthermore, chol- 
angiographic contrast media carry a small but defi- 
nite risk which makes it hard to justify their use for 
experimental purposes. For these reasons we felt 
that, with all its drawbacks, the study of biliary 
contrast handling by measuring urinary spill-over 
might give some information of interest. 


Urinary contrast loss 

In the first series of tests a dose of 0.6 ml/kg body 
weight of radioactive iodipamide was used. This 
dose was found to be the optimum in dog experi- 
ments by Fischer (1965). For a 70 kg adult this is a 
dose of approximately 40 ml, a volume commonly 
used in many radiological departments when iodi- 
pamide methyglucamine (Biligrafin forte) is given. 
With this dose there is no difference in the proportion 
excreted by the kidneys either in the first three hours 
or in the subsequent 21 hours. Using the smaller 
dose of 0.2 ml/kg body weight (14 ml for a 70 kg 
man) there is a significantly higher urinary excretion 
of radioactive iodipamide when this is given by a 
single bolus injection. However, the difference is 
only 4° of the total dose given and this could not 
materially affect the biliary concentration of contrast. 
Any difference which the infusion method may pro- 
duce in the hepatic handling of contrast is not, we be- 
lieve, secondary to differences in urine loss. 

Whitney and Bell (1976), working with rhesus 
monkeys, have shown that a two-hour infusion of 
contrast leads to a prolongation of the peak concen- 
tration of contrast. Thus the advantage of the in- 
fusion probably lies, not only in a reduction of side- 
effects but in a lengthening of the optimal period 
during which opacification will occur. 


Serum protein binding 

'The patterns of protein binding of contrast in the 
four groups show interesting differences. They in- 
dicate that the contrast-binding capacity of plasma 
protein is limited. Thus with the higher dose given 
by bolus injection there is initially a considerable 
excess of plasma iodipamide in relation to the avail- 
able binding sites. 'The continuing excretion of con- 
trast lowers the total level so that proportionately 
more becomes bound to protein. Even with infusion, 
using the higher dose there is a considerable surplus 
of contrast unbound to protein. At the lower dose 
level the surplus of contrast over the binding ca- 
pacity of plasma is less and a higher proportion be- 
comes bound to protein soon after injection. 
Towards the end of the infusion of contrast with 
both high and low doses there is a drop in the per- 
centage-binding, indicating a temporary excess of 
contrast over the available binding sites. Patients 
appear to vary in the contrast binding capacity of 
their plasma but we could find no relationship be- 
tween urinary contrast loss and the plasma protein 
level. It might be expected that urinary contrast 
loss would be greatest when the percentage protein 
binding was least and with one exception the figures 
support this. 


Cholangiography 

We have not shown any difference in cholangio- 
graphic quality between high and low doses. It is 
possible that our assessment did not detect differ- 
ences in contrast density which would have been 
chemically demonstrable, but there are reasons for 
believing that current doses are unnecessarily high. 
Hepatic excretion of contrast is subject to a transport 
maximum (TM) (Preisig and Hoenig, 1973) and 
doses in excess of the TM will either be excreted in 
the urine or undergo delay in hepatic excretion. The 
TM for iodipamide is probably similar to that for 
ioglycamide which was estimated by Fuchs and 
Preisig (1975) at 19 to 23 mg/min. Their subjects 
were studied only a week after cholecystectomy, and 
may have had disturbed liver function; neverthe- 
less the optimal 'TM is unlikely to exceed 30 to 35 
mg/min. Even the lower dose level which we have 
employed was well in excess of the likely TM for 
iodipamide and assuming that TM is the main factor 
affecting biliary contrast concentration, our findings 
are not surprising. Other workers (Sinclair, 1972; 
Ansell and Faux, 1973) have shown that satisfa- 
tory cholangiograms can be obtained with doses 
below 20 ml iodipamide and our series, although 
small, reinforces their findings. 
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CONCLUSIONS 

Currently employed dose levels of biliary contrast 
exceed the plasma's capacity to bind contrast and 
lead to appreciable urinary loss. Lower dose levels 
provide equally good cholangiograms with less uri- 
nary excretion, The drip infusion method provides a 
higher percentage binding at low dose levels. It is 
unlikely that this is significant in relation to biliary 
excretion. 
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Book review 


Coronary Angiography and Angina Pectoris. Edited by P. R. 
Lichtlen, pp. xx-+384, Ilust., 1976 (Stuttgart, George 
Thieme), DM.68. 

This book is a compilation of the papers presented at the 
Symposium of the European Society of Cardiology on the 
subject of Coronary Angiography and Angina Pectoris, held 
in Hanover in March 1975, Three-quarters of the book is 
devoted to coronary angiography and one-quarter to a 
workshop on “Collateral formation and treatment of angina 
pectoris". The subjects covered include X-ray techniques; 
the relationship of angiographic findings to various clinical 
problems e.g. variant angina, unstable angina, prognosis 


based on angiographic findings; ventriculographic aspects 
of coronary artery disease; and angiography after surgery. 

The contributors came from all over Europe and North 
America and contained many of the foremost workers in 
these fields. Nearly 70 papers were delivered; most of them 
presented here in detail, with good illustrations. The salient 
remarks from the discussions that followed each paper are 
included. 

This is a well produced record that will be of great interest 
to those with a specialist interest in coronary artery disease. 

P. ARMSTRONG. 
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ABSTRACT 
An extremely simple spectrophotometric method for 
measuring biliary ioglycamide (meglumine ioglycamate) 
concentration is described. It was validated by a radio- 
active technique. 


Little information is available as to what is the opti- 
mal rate for administering ioglycamide (Biligram— 
Schering Chemicals Ltd.) to the patient when per- 
forming an intravenous cholangiogram. In an at- 
tempt to answer this question we have measured the 
concentration of ioglycamide appearing in the bile of 
a series of patients with T-tube im situ who were 
given the contrast material at a number of different 
infusion rates. The simple spectrophotometric 
method used in these studies to measure the biliary 
concentration of ioglycamide is described and vali- 
dated in this paper. 


PRINCIPLE OF THE METHOD 

Ioglycamide (meglumine ioglycamate) is strongly 
absorbent in the ultra-violet region with a maximum 
absorbance at 237 nm (Fig. 1). Fleck et al. (1974) 
have recently described a simple spectrophotometric 
method for determining the plasma concentration of 
ioglycamide. This method entails diluting the plasma 
samples 100 times with isotonic saline and measuring 
the absorbance at a wavelength of 245 nm. This 
wavelength was selected because it was found that 
the ratio of absorbance of contrast medium to that of 
plasma constituents, particularly albumin, is maxi- 
mum at 245 nm (Medzihradsky et al., 1975). 


The concentration of ioglycamide achieved in bile 
is approximately ten to fifteen times that found in 
the plasma (Fuchs and Preisig, 1975). If a spectro- 
photometric method similar to the plasma method of 





*This work had received the approval of the St. Bartholomew's 
Hospital Ethical Committee and the informed consent of the 
patients was obtained before the investigations were per- 
formed. 

+Present address: University Department of Therapeutics, 
City Hospital, Hucknell Road, Nottingham. Research carried 
out while holder of the Mackenzie Mackinnon Streatfield 
Research Fellowship. 
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Fleck et al. (1974) were to be used on bile samples 
one would predict that a dilution factor of about 
1500 times would be required. Human 7-tube bile 
samples were diluted 1500 times with isotonic saline 
and spectra obtained using an ultraviolet recording 
spectrophotometer (Unicam SP800). Very little ab- 
sorbance was found in the 230—280 nm wavelength 
region (Fig. 1), presumably reflecting the low protein 
content of human bile (Thurborn, 1962). Figure 1 
also shows the ultraviolet wavelength scan of human 
T-tube bile taken from a patient one hour after com- 
mencing an intravenous infusion of ioglycamide. It 
can be seen that ioglycamide is excreted into bile 
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unchanged and that 237 nm would be the most 
suitable wavelength for measuring ioglycamide con- 
centration in bile. 


MATERIALS AND METHODS 
Intravenous infusion and bile sampling 

The biliary excretionofioglycamide was measuredin 
two patients (A.T, and LL.) who were operated on 
for gall stones and had a T-tube zn situ. The ioglyca- 
mide solution was made up by adding 21 g of iogly- 
camide (2:430 ml ampoules of 359, Biligram— 
Schering Chemicals Ltd.) to 460 ml of normal saline 
and labelled with 20 aCi 1351 ioglycamide. The 
isotopically labelled stock solution infused thus con- 
tained 42 mg ioglycamide/ml. The ioglycamide was 
infused at a rate of 2 mg/kg body weight/min for 120 
mins. The rate of administration was controlled 
using an Ivac 531 infusion pump (Ivac Corporation, 
Harrow, Middlesex). At the end of the intravenous 
infusion 10 ml of the remaining radioactively labelled 
ioglycamide was removed from the drip bottle and 
stored prior to radio-active counting. 

Twelve consecutive ten-minute bile samples were 
obtained from both patients during the ioglycamide 
infusion. The concentration of ioglycamide in the 24 
bile samples was then estimated by both the spectro- 
photometric and radioactive methods (to be de- 
scribed below). The results obtained by the two 
methods were then compared. 


Spectrophotometric method 

Stock solutions of ioglycamide in isotonic saline 
were made up to include a range of concentrations 
from 6 to 41 mg per ml. These stock solutions were 
then diluted by a factor of 1500 times with isotonic 
saline. The optical densities of the solutions were 
then read off the SP800 spectrophotometer at a 
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Calibration curve--ioglycamide in normal saline read at 
237 nm. 


wavelength of 237 nm using 0.925 of sodium chloride 
solution as a blank. The calibration curve obtained is 
shown in Fig. 2. 

'The patient's bile was also diluted by a factor of 
1500 times with isotonic saline before reading off the 
spectrophotometer as follows: 0.2 ml of each bile 
sample was diluted with 5.8 ml of 0.994 sodium 
chloride solution and mixed thoroughly. 0.1 ml of 
this diluted sample was then further diluted with 
4.9 ml of 0.995 sodium chloride solution and 
thoroughly mixed before reading off the spectro- 
photometer at a wavelength of 237 nm (again using 
0.9% sodium chloride solution as a blank). The con- 
centrations of ioglycamide in each of the bile samples 
was then read off the standard curve after deduction 
of the absorbance for the 1 in 1500 diluted 'base- 
line" bile sample. 


Radioactive method (Whitney and Bell, 1972) 

The radioactivity of the patients’ bile samples and 
their corresponding stock solutions were measured 
using a well-type scintillation counter (L.C.N. 
Gamma set 500). The concentration of ioglycamide 
in each sample was calculated by dividing the ‘‘ac- 
tivity” in the bile specimen by the "activity" of the 
corresponding stock solution and multiplying by a 
factor of 42 (the known concentration of ioglyca- 
mide in mg/ml in the stock solution infused), 


RESULTS 
The spectrophotometric method and the isotope 
method for measuring biliary ioglycamide concen- 
tration gave very similar results. The concentration 


TABLE I 


PATIENT AT, —CONCENTRATION OF IOGLYCAMIDE IN HUMAN 

BILE (MG/ML)-——À COMPARISON OF THE RESULTS OBTAINED 

USING (A) THE RADIOACTIVE AND (B) THE SPECTROPHOTOMETRIC 

METHOD. ‘TIME IN MIN REFERS TO THE TIME FROM THE START 

OF THE TWO-HOUR INTRAVENOUS INFUSION OF IOGLYCAMIDE 

(2 MG PER KG BODY WEIGHT PER MIN). CORRELATION COEFFI- 
CIENT FOR THE TWO METHODS 0.964 
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Concentration of ioglycamide 
Time in minutes | Radioactive | Spectrophotometric 
10 0 0 
20 2.0 1.6 
30 4.6 3.7 
40 7.8 7.1 
50 6.3 7. 
60 5.6 6.4 
70 8.1 6.7 
80 8.0 7.8 
90 10.0 8.2 
100 12.8 12.6 
110 9.7 9,3 
120 7.7 9.1 
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TABLE II 


Parent I.L.—CONCENTRATION OF IOGLYCAMIDE IN HUMAN 

BILE (MG/ML)—À COMPARISON OF THE RESULTS OBTAINED 

USING (A) THE RADIOACTIVE AND (B) THE SPECTROPHOTOMETRIC 

METHOD. TIME IN MIN REFERS TO THE TIMEFROM THE START OF 

THE TWO-HOUR INTRAVENOUS INFUSION OF IOGLYCAMIDE 

(2 MG PER KG BODY WEIGHT PER MIN). CORRELATION COEFFI- 
CIENT FOR THE TWO METHODS 0.989. 
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Concentration of ioglycamide 


‘Time in minutes | Radioactive 


























Spectrophotometric 

10 0.2 1.1 
20 5.0 5.9 
30 14.9 15.7 
40 18.7 16.3 
50 20.4 19.8 
60 20.9 21.0 
70 21.8 22:5 
80 21.9 23.0 
90 22.6 23.4 
100 23.5 24.5 
110 23.2 24.5 
| 120 23.7 25.8 





of ioglycamide in the bile of the two patients A.T. 
and LL. as estimated by the two methods is shown 
in Tables I and II. 


DISCUSSION 

'The measurement of the concentration of various 
contrast media in bile has usually been based on 
estimating their iodine content. These methods in- 
clude fluorescent excitation analysis (Moss et al., 
1972), dichromatography (Edholm and Jacobson, 
1959), radioactive iodine (Fischer, 1965; Whitney 
and Bell, 1972; Loeb et al., 1975; Fuchs and Preisig, 
1975; Cooke and Mudge, 1975) or the more tedious 
and time-consuming direct chemical analysis of 
iodine content (Bang and George, 1951; Zak and 
Boyle, 1952). A recent paper which describes the 
biliary excretion of both calcium ipodate and iodi- 
pamide in the dog has employed a spectrophoto- 
metric method ata wavelength of 239 nm, but details of 
the exact method used are not given (Benness et al., 
1975). 

The spectrophotometric method described in this 
paper has the advantage of being simple, quick and 
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does not require the use of elaborate equipment or, 
radio-isotopes. This method could easily be modified 
to measure the biliary concentrations of other biliary 
contrast agents such as iodipamide and iotroxamide. 
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Received Tune, 1977) 


ABSTRACT 
A simple coding system that codes the work done and 
diagnoses is described. It is economical and designed to 
withstand changes in staff. 


As one of the most expensive departments of a 
hospital, using techniques potentially dangerous to 
the patient, the need for a continuous quantitative 
and qualitative review of the work of the X-ray 
department is self-evident. The need becomes even 
more pressing with the imminent advent of depart- 
mental budgeting. 

À qualitative assessment of the work with informa- 
tion on the investigations carried out, the diagnosis 
made and their follow up is not a feature of any 
review system in regular use in the United Kingdom, 
except at the Birmingham Children's Hospital. Yet 





NAME DATE OF BIRTH 


STONES Robert 
en & X-RAY REPORT -- 





DIFFICULT CHILD 


this would appear to be an essential prerequisite if 
long term information on the value of radiology in 
specific conditions is ever to be determined. A 
radiological coding system should, therefore, he able 
to carry out the following. 

1. Retrieve cases of specific conditions. 

2. Retrieve cases with specific radiological and 
clinical signs. 

Provide managerial data for the X-ray depart- 
ment. 

The need for such a system has been generally 
accepted, at least in teaching hospitals. So far, 
attempts to start and maintain an index system that 
codes all the examinations carried out have become 
bogged down by the sheer complexity of the radio- 
logical codes available, and therefore the great 
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CONSULTANT WARD/DEPT 
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DATE 


09 01 77 


HOSPITAL 

















um 
o^ CLINICALLY: UPPER ABDOMINAL PAIN 
1101 77 DWP 
CHEST Left diaphragm is slightly higher than the right but the 
significance of this is uncertain. Heart is not enlarged. 
No active lung lesion seen 
UPPER ABDOMEN Normal bowel and soft tissue patterns 
BARIUM MEAL There is marked gastro - oesophageal reflux on testing but no 
definite evidence of a hiatus hernia. Remainder of the stomach 
and duodenum appear normal. Small bowel outlined normally. 
Caecum lies in the right iliac fossa 
a 
NA 
KRAY No o OF FILMS — | X-RAY CODE KRAY CODE Pre e je VALUE 
8 Bogs '401q ' S309 


Fic. 1. 
Report form with typical report. 
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amount of time, expertise and expense needed for 
their use, both in coding and recalling cases. 

The criteria for a successful coding system 
therefore are: (1) it must not disturb the routine of 
the department; (2) it must be usable by changing 
population of radiologists and secretaries; (3) simple 
coding is needed suitable for non-medical coding 
clerk; (4) the system must be longlasting over the 
years; (5) it should be inexpensive. 


THE System 
With these factors in mind, the following system 
has been devised in conjunction with the statistical 
section of the Trent Regional Health Authority, and 
put into use in the X-ray department of the 
Sheffield Children's Hospital. This department 
deals with children only and there are approximately 
22000 attendances per year. Only minor modifi- 
cations were needed to the report card. Figure 1 
shows the format in use. Four copies of the report 
are obtained by using NCR paper. One of these 

copies is used for coding. 

The card is filled in as follows: 
Name Both family name and first name are 
now coded. Initially only the family 


X-RAY CODING SYSTEM (PART X-RAYED) 


80 CHEST 

81 CHEST - PA 

82 CHEST - LATERAL 

83 MANUBRIO STERNAL JOINT 

84 RIBS 

85 STERNOCLAVICULAR JOINT 

86 STERNUM 

87 THORACIC INLET 

89 CHEST - SPECIAL VIEWS, DIAPHRAGM 


90 ABDOMEN - URINARY TRACT 
- SUPINE 
- ERECT 


93 UNCO OPERATIVE PATIENT 
95 SKELTAL SURVEY 

98 FILLER-IN CODE 

99 X-RAY, SITE NOT KNOWN 


Fic. 2. 


Section of list used to code part X-rayed. This provides the 
first two digits in the box marked X-ray code. 
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name was used but this made re- 
trieval difficult. 


Age This is reported by the radiologist in 
months. 

Consultant This is the referring clinician and is 
inserted by the secretary. 

Ward 

Registration 

number Put in by the secretary. 

Date 

Film number 

Retention Never used. 

Number of Dictated by the radiologist. 

films 


X-ray code (two boxes). This deals with the radio- 
graphic work load and the code for this was ex- 
tracted from DHSS memorandum " Assessment of 
Radiographic Work Load in Diagnostic X-ray 
Departments of Hospitals and Clinics", July 1973. 
These boxes are filled in by the coding clerk from 
information extracted from the radiologist's report. 
Parts of the codes are illustrated in Figs. 2 and 3. 
A code for uncooperative patients (the blind, deaf, 
children under six, mentally handicapped) is in- 
cluded. Four figures are put into each coding box. 


X-RAY CODING SYSTEM (INVESTIGATIONS) 


00 NO INVESTIGATIONS 
01 ANGIOGRAPHY 
02 ANGIOGRAM - CAROTID 


03 - VERTEBRAL 

04 - CAROTID & VERTEBRAL 

05 - COELIAC 

06 - SUPERIOR MESENTERIC 

07 - INFERIOR MESENTERIC 

08 - AORTOGRAM - THORACIC 

09 - AORTOGRAM - LUMBAR 

10 - AORTOGRAM - TRANSLUMBAR 

H - FEMORAL E 
12 - BRACHIAL f 4 : 
3 - SUBCLAVIAN P a SE + 


14 PULMONARY ANGIOGRAM 
15 RENAL ARTERIOGRAM - INFERIOR VENA CAVAGRAM 
16 ARTHROGRAM 
17 CONTRAST ENEMA - BARIUM 
18 CONTRAST ENEMA WITH WATER SOLUBLE 

MEDIUM (GASTROGRAPHIN ENEMA 

HYPAQUE ENEMA) 

19 BARIUM MEAL - BARIUM MEAL AND SWALLOW 
20 BARIUM SWALLOW - CONTRAST STUDIES OF THE OESOPHAGUS 
21 BARIUM MEAL AND FOLLOW THROUGH + 

GASTROGRAPHIN AND FOLLOW THROUGH 
22 BARIUM SMALL BOWEL MEAL + SMALL BOWEL ENEMA 


Fig. 3. 
Section of list used to code investigation carried out. This 


provides the second two digits in the boxes marked X-ray 
code. 


p s 
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‘The first two digits indicate the part X-rayed by the 
radiographer. The second two indicate the type of 
radiological investigation, usually involving a radi- 
ologist, carried out. A code for portable or ward 
examinations is included. Should the number of 
investigations exceed the capacity of the boxes on 
one card (e.g., a patient has a chest X-ray, barium 
meal and an IVP), the coding clerk will make out an 
extra card, 


DiAGNOsIS 

Each patient is allowed to have two diagnoses per 
report card. They are dictated by the radiologist and 
can change during the progress of the patient's 
illness so that the final diagnosis coded for a par- 
ticular patient can be corrected. The diagnoses are 
coded by the coding clerk using the ‘International 
Classification of Diseases" (WHO, 1967, 1969). A 
third box for diagnosis would be useful and we are 
planning to incorporate this soon. Batches of reports 
are collected twice a week and after coding are sent 
to the statistical section of the Trent Regional 
Hospital Authority where the information is trans- 
ferred to punch cards. 


Cost 
The cost of coding 400 to 500 examinations per 
week is one part-time (eight hours/week) coding 
clerk (at approximately £500/year), plus the capacity 
to punch the cards (approximately £350/year). 


ACCEPTABILITY OF THE SYSTEM 

"The system has not affected the radiographic staff 
at all. The radiologists have had to modify their 
reports slightly in that they have to quote the 
patient's age in months (good training for the 12x 
table!), give the number of films and the diagnosis. 
All X rays coming from casualty have been assumed 
to be trauma cases unless otherwise stated. The 
radiologist also indicates whether the patient merits 
"uncooperative" points and whether the examination 
was performed outside the X-ray department. The 
latter information is checked by the typist. The 
radiologist's work load has not increased signifi- 
cantly, and a changing population of senior regis- 
trars has coped well The secretary's work has 
increased in that she has to fill in more boxes and 
produce an extra copy of the report. Use of NCR 
paper has greatly simplified this process. The part- 
time coding clerk is coping well with the case load of 
about 400 to 500 reports a week averaged over the 
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USE OF THE SYSTEM 

The system in its present form has only been 
functioning for 18 months. Before this the first 
names of the patients had not been coded and re- 
trieval of the films and case notes was virtually 
impossible. There has not been time therefore to 
build up a big store of clinical diagnoses; however, 
retrieval of the names of patients suffering from 
inflammatory bowel disease and from hiatus hernia 
showed that the system was working satisfactorily. 
The names and registration numbers of all hip 
X rays from casualty during the last year have been 
obtained for the casualty officer. She is at present 
conducting an investigation into fractures in child- 
hood and is being provided with the names and 
numbers of patients aged 0—2 and 3-5 years. The 
system has been used to assess the daily work load of 
the department coming from casualty and the 
percentage of positive findings. For instance, 
between May 1975 and May 1976, 1722 skull 
examinations were performed and of these 52 (3%) 
showed fractures. 

A researcher into bone developments has been 
supplied with the names of patients under five 
years who have had their hands X-rayed. 

A monthly report on the number of X-ray exam- 
inations carried out with their points value was 
provided for the first year. This led to a more 
detailed use of the work register kept by the desk 
clerk, with the result that the number of work points 
credited to the department increased. 'This is in 
keeping with the findings of Davies et al., 1974. 
'This monthly report has now been discontinued 
since it could not be provided in time for the monthly 
returns which have to be ready by the first Tuesday 
of the following month. Obviously, an increase in 
staff would speed up the system. 

Should the concept of internal departmental 
budgeting and of charging the cost of radiological 
procedures to the various referring services ever be 
accepted, this system is capable of providing the 
information that will be needed. 


Discussion 

The system is simple and flexible. It does not 
provide a coded description of the X ray film itself, 
although many of the radiological appearances can be 
deduced from the clinical diagnosis, e.g. the presence 
of pleural effusions, metastases in the chest, stric- 
tures in the bowel. 

Owing to the simplicity and unobtrusiveness of 
the system it has been accepted by the staff and has 
continued to function smoothly despite regular 
changes in secretaries and radiologists. 
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'The simple diagnostic coding system will supply 
the radiologist researching into a clinical condition 
with a broad list of patients of whom only some will 
have the particular anomaly in which he is interested. 
For instance, if he is interested in ASD with 
anomalous veins he may well have to look through 
all cases of ASD to make sure he finds all those with 
anomalous pulmonary veins. However, this is not 
necessarily a severe drawback since no coding 
system is likely to code all the information the 
researcher needs, so that he will inevitably finish up 
by going through all the case notes anyway. 

It should be possible to extend the system easily 
to other hospitals without disruption of their work. 

The system provides a satisfactory record of the 
work carried out in a diagnostic X-ray department, 
and will make it possible to follow the course of a 
disease over many years. 

All information coded is treated as strictly confi- 


dential. The report cards used for coding are 
destroyed after use and retrieval of information is 
only allowed following authorization by named 
personnel. 
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Book review 


Coronary Heart Disease: Clincal, Angiographic and Patho- 
logic Profiles. By Z. Vlodaver, K. Amplatz, H. B. Burchell, 
J. E. Edwards, pp. xv +584, illust., 1976 (Springer-Verlag, 
New York, Heidelberg, Berlin), DM152.50/362.50 

'This book is a timely contribution to medical literature, 
when coronary disease is claiming more and more clinical 
effort from clinicians and radiologists. 'The spectacular 
success of vein graft surgery has enormously broadened the 
scope of coronary arteriography, which now is by far the 
most commonly performed invasive investigation on the 
heart. As stated in the preface, the book presents a compre- 
hensive picture of ischaemic heart disease to those who, either 
as practitioners or students, deal with the varied facets of 
this complex subject. It has meaning to the fields of clinical 
cardiology, radiology, thoracic surgery and pathology. The 
contents cover anatomy, technical aspects of arteriography, 
anatomical variations, pathology of obstructive disease with 
angiocardiographic-pathologic correlations, clinical correla- 
tions in angina and myocardial infarction and the results and 
complications of surgery. 

'The production is lavish, and in its 584 pages there are 
1252 figures including 271 radiographs, the quality of which 
is excellent. Such a pity then that the authors should have 
rendered the text almost unreadable by the use of no less 
than 77 abbreviations for the commonly used words and 
phrases. Most of us know the meaning of ECG and LV, 
but how many would be familiar with FIP (fibrous intimal 
proliferation) and MuB (muscular branch), or know that C 
stands for catheter, Cl for clip, Oc for occlusion and St for 
stenosis. Despite this blemish on what is otherwise a superb 
book, it deserves to find its way on to the shelves of those 
working in this field, although the price will prove daunting 
for the individual. 

S. Rees. 
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Bone mineral measurement using an EMI scanner and standard 


methods: a comparative study 
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ABSTRACT 

The established techniques of scanning photon densito- 
metry and radiographic microdensitometry for the analysis 
of bone mineral content are compared with results obtained 
using a modified EMI brain scanner. The EMI method 
shows significantly greater sensitivity to changes in bone 
density than either of the other two methods. This latter 
method also has the added advantage of being able to 
visualize and measure the density of trabecular bone, which 
is a very sensitive indicator of bone mineral changes. 


Bone diseases such as osteoporosis result in an over- 
all resorption of bone causing a reduction in bone 
tissue. This may be so severe that it presents as 
collapsed vertebrae or pathological fractures. Un- 
fortunately, by the time these diseases become 
diagnostically apparent they are often very well 
established, even to the extent that there may be 
irreparable damage. Accurate methods of monitoring 
bone dynamics are therefore desirable. Conventional 
methods of bone mineral measurement include pho- 
ton densitometry with y rays pioneered by Cameron 
and Sorenson (1967) in the early sixties and more 
recently by West and Reed (1970), and also the more 
commonly used and older method of radiographic 
densitometry (Barnett and Nordin, 1961; Lachman 
and Whelan, 1936; Larsson, 1969). These well tried 
methods were compared under optimal conditions 
with a new method which utilizes a modified EMI 
brain scanner (Isherwood et al., 1976). 


MATERIALS AND METHODS 
50 g female Dutch rabbits were used 
to establish an animal model in which osteoporosis 


Young 1 kg 


was produced by means of the steroid cortisol. 


Osteoporosis was induced in five rabbits by corti- 





sol using a dose schedule of 2.5 mg/kg per day sub- 
cutaneously which according to Bartley (1968) and 
Blackwood (1969) would produce a loss of bone mass 
of between 40 and 60%, after approximately 28 days. 
Five other rabbits were given an equal amount of 
cortisol vehicle and used as controls. All the rabbits 
were fed a normal diet, îe. not calcium free. The ef- 
fects of the cortisol administration were monitored 
bv analysing the daily urinary calcium output of the 
rabbits. Twenty-four hour urine volumes were mea- 
sured and samples taken to which 5 ml of dilute 


HCl was added to prevent calcium precipitation. 
Calcium concentrations were measured using an 
automatic absorption spectrometer. 

After 28 days administration of cortisol, all the 
rabbits were sacrificed and their right hind limbs re- 
moved from the rest of the body. Fur, skin and some 
soft tissue were removed and the limbs were placed 
in cold storage so that autolytic changes would be 
minimal. 

The bone mineral content of the right hind leg of 
each rabbit was measured by all three methods. In 
the isotope scanning and X-ray methods the legs 
were held in a Perspex water tank containing a rubber 
cuff (Fig. 1). The limbs were placed in the cuff and 
the tank filled with water. 


Photon densitometric method 

The radioactive source chosen was a point source 
of iodine 125 (27.5 keV). A collimated sodium iodide 
crystal and photomultiplier was used as detector. 
The collimators consisted of parallel holes in lead, 
0.5 cm long and 1 mm diameter at the source and 
2 cm long and 1 mm diameter at the detector. The 
basic design of the apparatus was that used by 
Cameron and Sorenson (1967). The limb was moved 
manually through the isotope beam on a specially 
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Perspex water tank for scanning and radiographing bones. 
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constructed table. The position of the scan on the 
leg was the same for each animal so that all the scans 
would be comparable, and counts were obtained at 
one millimeter intervals across the leg. The time for 
counting was such that approximately 10 000 pulses 
were registered for each interval. All scans were 
taken at a distance of 5 cm from the acetabulum and 
perpendicular to the long axis of the bone. 


Radiographic microdensitometry method 

Radiographs of limbs in the water-filled tank 
were taken at 40 kV and 160 mAs using Kodak 
KD547 film. A step wedge (Fig. 2), containing con- 
centrated calcium chloride solution, was also placed 
in the tank adjacent to the limb for each exposure. 
Exposures were chosen so that the film densities 
over bone were within the linear range of the film as 
measured by the step wedge. The X-ray focus to 
film distance was 150 cm in each case and at this 
distance the calculated change in X-ray intensity 
across the film is less than 1°,. 





Calibration step wedge filled with calcium chloride solution. 


All the X-ray films were developed in the same 
manner and on the same day. Density tracings were 
taken across the images of the bones with a Joyce- 
Loebl scanning microdensitometer at a distance of 
5 cm from the acetabulum and perpendicular to the 
long axis of the bone. The step wedge was also scan- 
ned in each case. 


EMI method 

The scanner used was a prototype EMI brain 
scanner with additional apparatus to facilitate the 
scanning of the limbs (Isherwood et al., 1976). Five 
rigid plastic tubes were cut to the same lengths and 
taped together. The limbs were placed in the tubes 
and the whole arrangement placed in a water-filled 
container which was positioned in the head bag of 
the EMI scanner. Each group was scanned in turn at 
a distance of 5 cm from the acetabulum. A visual 
record was obtained on Polaroid film together with a 
computer print-out of attenuation values. 


RESULTS 
One “normal” rabbit died and so results for only 
four normals are given. 


Urinary calcium outputs 

The mean urine calcium concentrations were cal- 
culated for each group. The mean for the control 
group was 3.2 mg/24 h with a standard deviation of 
1.9 mg/24 h; the mean of the cortisol group was 
32.5 mg/24h with astandard deviation of 48.0 mg/24 h. 
Using a Student's T-test these are significantly diff- 
erent at the P —0.0015 level. 
Photon densitometry method 

The average number of photons through the water 
alone (N1) was calculated, for each scan, from five 
readings taken through the wateralone. The minimum 
number of photons transmitted through the two 


TABLE I 


NORMAL AND CORTISOL TREATED BONE 








Normal controls 
Rabbit Mean cortical ratio) Trabecular ratio 

| 

1 0.749 0.515 

2 0.669 0.489 

3 0.742 0.562 

4 0.769 | 0.477 

Mean 0.732 0.510 

S.D. | 0.044 0.038 








ATTENUATIONS USING THE PHOTON SCANNING TECHNIQUE 


Cortisol treated 





T— — = 


Trabecular ratio 


Rabbit 








{Mean cortical ratio 
1 0.645 0.451 
2 0.563 0.383 
3 0.627 0.301 
4 0.656 0.450 
5 0.549 0.282 
Mean 0.608 0.373 
S.D. 0.049 0.080 
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cortices and the maximum number through the mid- 
trabecular space (N2) were determined and the ratios 
In (N1/Ns) calculated for each animal of the two 
groups for both cortical and mid-trabecular posi- 
Table I. Student's 
-tests were performed to compare the normal and 


tions. The results are given in 





Fic. 3. 


Radiographs of rabbit bone and calibration wedge 


cortisol treated animals. The Student t value was 4.0 
for cortical bone change and 3.4 for trabecular bone 
change, the corresponding P values being 0.025 and 
0.01. 


Radiographic microdensitometry method 

A typical radiograph is shown in Fig. 3. For each 
radiograph the transmission through the water tank 
Tı was determined and also the maximum attenuated 
transmission through the two cortices and the mini- 
mum attenuated transmission through the mid- 
trabecular space 7» were determined by measuring 
the optical density of the respective areas of film. 

The ratios In (T,/T») were again calculated and 
are shown in Table II. The Student ¢ value was 4.1 
for cortical bone change and 3.8 for trabecular bone 
change. 

Although trabecular bone results are given for the 
above two methods it must be remembered that 
these values also contain a contribution from the 
overlying cortical bone. 


EMI method 

An EMI scan is shown in Fig. 4. The bone posi- 
tions on the corresponding computer print-outs 
were identified and rectangles constructed around 
any numbers greater than 40 at each bone position 
on the scan. The definitive bone edge cannot be 
ascribed to a single threshold attenuation coefficient 
because of the effect of the adjacent soft tissue. 
Consequently a set of threshold values are used 
above which the values of attenuation coefficient are 
known to correspond to bone. If the sum of all the 
attenuation. values above these thresholds in the 
region of the bone is taken and a linear extrapolation 
carried out, the extrapolated sum of the attenuation 
values at zero threshold can be determined. This ex- 
trapolated value can then be used as a measure of 


TABLE II 


NORMAL AND CORTISOI TREATED BONE ATTENUATIONS USING THE RADIOGRAPHIC TECHNIQUE 





Normal controls 


Cortisol treated 





Rabbit Mean cortical ratio) Trabecular ratio 
1 0.808 | 0.427 
) 0.950 0.558 
0.666 0.348 
4 0.965 0.596 
Mear 0.847 0.482 
S.D 0.140 0.115 





Rabbit Mean cortical ratio} Trabecular ratio 
I 

1 | 0.581 | 0.262 

2 0.558 0.205 

3 0.588 | 0.308 

4 0.540 0.217 

5 0.485 0.264 

| 

Mean 0.550 0.251 
S.D | 0.041 0.041 
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EMI scan of rabbit limbs 

















TABLE III 
NORMAL AND CORTISOL TREATED BONE ATTENUATION VALUES 
USING THE EMI SCANNING TECHNIQUES 
Normal controls Cortisol treated 
| Extrapolated | Extrapolated 
Rabbit totals | Rabbit totals 
1 8280 1 | 6130 
2 7760 2 5150 
3 7560 3 6250 
4 8440 4 5406 
5 6130 | 
— - | | 
Mean | 8010 | Mean | 5813 
S.D. | 417 S.D | 500 
I 
| | 








bone mineral content. Thus all the numbers con- 
tained within the rectangles were fed into a computer 
which was programmed to produce sums of numbers 
which were > 40, > 60, > 80, > 100 and > 120 
These totals were then plotted against thresholds 
of 40, 60, 80, 100 and 120 for each animal and the 
graphs extrapolated to find the total EMI number 
1976). The 
polated totals are given in Table III. Student's T- 


above zero (Isherwood et al., extra- 


tests were performed on the extrapolated totals and 


the ¢ value for bone change was 7.2. 


DISCUSSION 
Student’s T-tests were performed on all the re- 
sults. The ¢ value represents the difference in the 
mean values divided by the standard error of the 
difference. The error of the difference in experi- 
mentation arise from two sources: (1) the spread of 


values due to variations within a population, and (2) 
measurement errors. 

As the same population was utilized in each method 
of bone mineral determination, the error produced by 
this variation is a common factor. The differences in 
the ¢ values therefore reflect errors in the method of 
measurement. The greater the ¢ value the more sen- 
sitive is the method in detecting slight alterations in 
mineralization. From consideration of the ż values it 
can easily be seen that by far the most sensitive 
method for detecting changes in bone mineralization 
is that of EMI scanning for which the ¢ value is 
more than double that for the other methods. The 
isotopic and radiographic methods are roughly com- 
parable in sensitivity; this contrasts with the find- 
ings of Colbert et al. (1970). The radiographs in this 
experiment were, however, developed on the same 
day and so daily variations in development (Vose, 
1965) were not experienced. 

At the same time a study involving the same 
animals and methods but with the additional use of 
the calcium chloride solution calibrator was under- 
taken. The results obtained from this study were not 
significantly different from those of the original 
study without a calibrator. This does not mean, 
however, that the use of a calibrator should be aban- 
doned as in a longitudinal study it may prove more 
useful. 

The EMI method is the only procedure by which 
trabecular bone is visible as an entirely separate 
entity, as in both the other methods it is seen only in 
combination with the surrounding cortical bone. If 
the lowest and highest EMI numbers from the 
print-out are analysed and taken to represent the 
trabecular and cortical bone respectively, the rela- 
tive change in mineralization between the two groups 
was 59° in the trabecular space but in the cortical 
region only 32%. This result would appear to re- 
inforce the idea that trabecular bone, as a conse- 
quence of its vascularity, is affected by bone 
demineralizing disease more than cortical bone and 
therefore is a more sensitive indicator of bone dy- 
namics than cortical bone. 

The similarity of ¢ values between the photon 
beam scanning and radiographic methods shows 
that the usefulness of the radiographic method, de- 
valued in recent years, should be re-examined, as 
this method has the advantage of simplicity and 
speed and is much easier to perform clinically. In 
addition it is possible to obtain a higher degree of 
positional accuracy in the radiographic method than 
with either of the other two methods because the 
related to bone 


measurements can be accurately 


markers on the radiograph. 
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Book review 


Recent Results in Cancer Research Vol. 55 Cancer Active 
Immunotherapy, Immunoprophylaxis and Immunorestoration. 
By G. Mathé, pp. 405, 1976 (Springer-Verlag, Berlin- 
Heidelberg, New York), $29.60. 

Few oncologists have sought to exploit immunotherapy as 
an adjunct to other forms of cancer treatment with quite the 
same degree of assiduity as Professor Georges Mathé. Dur- 
ing the past 15 years his efforts, particularly in the therapy of 
leukaemia, both clinical and experimental, have been largely 
unrivalled. Such credentials might lead one to anticipate a 
uniquely authoritative account of the subject but in some 
respects the present volume leaves those expectations un- 
fulfilled. 

The unusual style of presentation takes the form of a 
sequence of short paragraphs and the text reads as an amalga- 
mation of frequently unrelated and sometimes erroneously 
interpreted citations from a vast literature, with little effec- 
tive synthesis or literary merit—a particularly disappointing 
feature for one whose command of the English language is 
proverbial. There is uncritical use of certain technical terms 
(the prefix “immuno-’’, for example, turns up with alarming 
ubiquity) and numerous type-setting errors disclose hasty 
preparation. Despite these limitations, however, the basic 
flaw is a conceptual one, Notwithstanding the many animal 
models (not necessarily confined to tumours of ‘‘spon- 
taneous” origin) where lack of neoantigenicity militates 
against any prospect of immunological control im vivo, the 
tumour specific antigenicity of human neoplasms appears to 
be taken for granted, providing the rationale that immune 
responses thereto can be harnessed in favour of the host. Un- 
fortunately, hard evidence for the former assumption, despite 
heroic efforts bv many laboratories, still remains elusive; and 
it is not surprising that immunotherapy protocols based on 
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the putative existence of such antigens have failed to yield 
decisive results. Clinicians with an interest in malignant 
melanoma will thus find little justification for Mathé's claim 
that the clinical efficacy of immunotherapy as an adjunct to 
surgery in this disease is already established. 

In much of the text dealing with human malignancy, 
Mathé appears to be unmoved by the marked changes which 
have occurred in the climate of tumour immunology during 
the past few years, wherein the optimism of the 1960s has 
been replaced by a more healthy realism, and the notions 
which inspired well-intentioned but misguided forays into 
immunotherapy replaced by a more pragmatic approach to 
the problem. Indeed there is much to commend the view 
that precise characterization of human tumour-related 
antigens and the immune response to them is a necessary 
requirement before questions of clinical significance and 
therapeutic application can be profitably addressed. 

In other respects the scope of the book is considerable. 
'There are useful, if somewhat cursory, chapters on tumour 
associated antigens in defined experimental systems and on 
fundamental aspects of the immune response. The (uncon- 
vincing) results of systemic active immunotherapy (the 
author's tour de force) are itemized for the multiplicity of 
human neoplasms and local active “immunotherapy” is, 
appropriately, given separate treatment. A chapter on 
“developmental pharmacology" attempts to deal with the 
plethora of approaches to the immunotherapy of cancer and 
others with adverse effects arising therefrom, putative 
mechanisms of failure (?) and immunorestoration. In all, a 
comprehensive treatise but lacking the critical sense of 
balance which is mandatory in this controversial field, 

M. Moore. 


1978, British Journal of Radiology, 51, 29-34 


January 1978 


Penetrameter cassette calibration to 400 kV and effects of 
extra-focal radiation when measuring tube filtration 
By G. M. Ardran, M. D., F.R.C.R., and H. E. Crooks, F.C.R. 


Environmental and Medical Sciences Division, A.E.R.E., Harwell and The Nuffield Institute for Medical 


Research, University of Oxford 


(Received July, 1976 and in revised form February, 1977) 


ABSTRACT 

‘The penetrameter cassette, when used with suitable filters 
and calibrated against the same average wave form, can de- 
tect changes of less than 1 kV in the range 20-50 kV, 1 kV 
from 50-100 and from 1-4 kV from 100-400 kV. Problems 
of calibration are discussed together with the necessitv to use 
a suitable shutter with equipment which has a significant 
build-up and decay time during which the radiation quality 
may be varying. Extra-focal radiation does not normally pre- 
sent a significant problem in the measurement of kV, but 
when the penetrameter is used to measure inherent or total 
filtration extra-focal radiation can be a problem and may be 
similar in degree to the effects of varying target angles. 

When used to determine filtration, the generator used for 
calibration of the penetrameter and the one being measur- 
ed should be adjusted to have the same target angle and 
similar degrees of extra-focal radiation by altering the size of 
the tube aperture as close to the focal spot as practicable. 
The results presented confirm the accuracy and con- 
venience of the penetrameter for the measurement of kV and 
filtration over the extended range of energies. 


The question is often asked as to whether the 
penetrameter cassette (Ardran and Crooks, 1967, 
1968) can be used and is accurate above 100 kV: it 
had originally been checked that the cassette could 
be used with isotopes such as thulium 170 or cobalt 
60 and therefore responded to radiation in the high 
energy range. 

Provided the penetrameter is used with suitable 
filters and is calibrated against the same voltage 
wave-form as that being estimated, the penetrameter 
can detect changes of less than 1 kV in the range 20 
to 50 kV, 1 kV from 50 to 100 kV and from 1 to 4 kV 
from 100 to 400 kV. Different "constant potential" 
generators may have different voltage wave-forms, 
different X-ray tubes will have different character- 
istics and calibration methods will also have their 
limits of accuracy. Problems may also arise when the 
method employed for calibration prevents simul- 
taneous checking against the penetrameter. Setting 
up the equipment with the appropriate factors on 
another occasion may not result in an identical 
quality of radiation. Other workers using the pene- 
trameter cassette have amply confirmed our original 
claims as to its value and accuracy up to 100 kV 
(Hospital Physicists Association, 1975). It can be 
used with molybdenum target tubes using calibra- 
tion curves for tungsten targets (Ardran and Crooks, 
1973). 
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We have found that provided the radiation source 
can be set up on different occasions to give the 
identical quality of radiation (e.g. an americium 241 
source) the penetrameter consistently gives ident- 
ical CRN values. Potential dividers, spark gaps and 
spectrometry do not necessarily indicate similar 
values of kVp in apparently identical situations. 
These discrepancies are at present under investi- 
gation, but in view of the fact that it may take a 
considerable time to understand them fully we con- 
sidered it useful to indicate that the penetrameter 
will give consistent and accurate results for equip- 
ment with truly identical characteristics. We would 
point out that when the penetrameter indicates that 
two sets of equipment have the same effective kV 
they will give the same radiographic results for all 
practical purposes. 


RESULTS OF CALIBRATIONS 

Figure 1 shows typical calibration curves for our 
penetrameter. In the energy range 20 to 50 kV the 
initial filtration close to the tube was 0.25 mm Cu 
additional to the inherent. From 40 to 300 kV the 
initial filtration was 1.5 mm Cu and from 100 to 
400 kV the initial filtration was 4 mm Cu. The 
graphs have been plotted on double log paper in 
order to limit the size for the purpose of publication. 
They are not intended for use by others who will 
require their own curves: in practice we use graphs 
plotted on linear scales of adequate dimensions for 
accuracy. The standard cassette now uses copper 
reference numbers up to 196 thousandths of an inch 
(5.0 mm) Cu; to extend the range to about 400 kV 
an additional strip of copper 40 thousandths of an 
inch (1 mm) thick is laid over the step wedge and thus 
196 becomes 236. 

In the 20 to 50 kV range the results were obtained 
from a Siemens beryllium window Dermopan gen- 
erator and also the Harwell E.12 generator (inherent 
filtration 0.1 mm Al). In the range 50 to 100 kV the 
Siemens Gigantos generator (inherent filtration 0.62 
mm Al equivalent) and the Harwell E.12 generator 
were used. The E.12 and Gigantos generators had 
been checked spectrometrically (Marshall et al, 
1975). In the range 80 to 250 kV the results were 
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Graphs plotting copper reference number (thousandths of 
an inch or 0,0254 mm of Cu) against kV (constant poten- 
tíal). See text for details. 


obtained from a Marconi constant potential gener- 
ator at the Berkeley dose calibration facility of the 
C.E.G.B. which had been spectrometrically cali- 
brated. The 100 to 400 kV calibration was obtained 
from two Pantak 400 kV constant potential gener- 
ators: one of these was at Harwell and was spectro- 
metrically calibrated while the other was a new 
generator at Messrs. Pantak which was calibrated 
using a spark gap. 

Unless a suitable lead shutter is used with gen- 
erators such as the Pantak (which were not designed 
for short exposure work) calibrations at the higher 
kilovoltages are unsatisfactory due to the time taken 
for the X-ray output to build-up and decay. 

A lead shutter has been made to ensure that short 
exposures can be given to the penetrameter with a 
uniform field. The X-ray beam was restricted 
with a lead diaphragm so as just to cover the 
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Curve A (O) is the plot of CRN against kV for a Pantak 
nominally constant potential generator which had been 
spectrometrically calibrated; the shutter described in the 
text was used for the CRN measurements. The curve below 
the above shows the experimental points for another new 
Pantak generator recently calibrated by spark gap, (B,+) 
showing agreement with the results obtained from the 
Marconi C.E.G.B. spectrometrically calibrated generator 
(D, --). The CRN measurements with this apparatus were 
obtained using a very simple in and out shutter. The dotted 
curve C (@) gives the experimental points with the Pantak 
spark gap calibrated generator (B) when no shutter was used 
to terminate the exposure. 


penetrameter at the distance used. The aperture 
was closed by a 15x 5x 5 cm lead shield. The gen- 
erator was switched on and time allowed for the 
radiation beam to stabilize. To initiate the exposure 
the aperture was uncovered by pulling the lead 
shield across it by a solenoid. To terminate the 
exposure after a suitable interval, another similar 
lead block was pulled by another solenoid across the 
aperture (to close it) in the same direction and speed 
so that each portion of the penetrameter received the 
same exposure, Thus the shutter is used to eliminate 
the build-up and decay time with this type of 
generator. When fluoroscopy circuits of other gen- 
erators are being calibrated a shutter may also be 
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necessary if the build-up and decay time are a be required so that only stable conditions are re- 
significant part of the exposure required. Fluoro- corded. 

scopy circuits may be necessary for spectrometry or In diagnostic equipment very short exposures can 
other methods of calibration when low outputs are alter the apparent measured kV because of the 
required. When comparing these calibrations with irregular build-up period (Ardran and Crooks, 
those obtained by the penetrameter, a shutter may — 1973). This situation does not of course apply during 


TABLE I 
APPARENT VARIATION OF TUBE FILTRATION DUE TO THE INFLUENCE OF EXTRA-FOCAL RADIATION 


Area of anode from 

which focal and extra Effective 
focal radiation is Exposure Distance | Exposure filtration 

received (Fig. 3) cm 4 time (sec) (cm) mR mm Al equiv. 





0.01 350 
0.01 350 
0.01 350 
0.01 350 





Measurements made with the tube port restricted as in Figs. 34, B and c and also 0 with the beam restricted further. Manu- 
facturer's nominal inherent filtration 1.0 mm Al equivalent when tube was new: present age 15 years: 50,000 exposures. 





c B A 
Fic. 3. 


“Pinhole” (1.0 mm hole) radiographs of source of X-ray emission through tube port made on non- 

screen film. (4) With the beam restricted at the tube port to allow rays from an area of the anode 

1 x 0.5 cm to reach the film. (B) Beam restricted at the tube port to an effective area of 2 x 0.5| cm. 

(c) Beam restricted at the tube port to 4.8 « 0.5 cm. We have ignored extra focal radiation from 
sources other than the anode, since the proportions are very small. 
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normal calibration by the manufacturers for which 
stabilized conditions are used. 

The experimental points obtained with the three 
generators used in the highest energy range are 
given in Fig. 2. It will be seen that the penetrameter 
records small changes in kV but different curves are 
obtained with different generators and methods of 
calibration. An example of the discrepancies ob- 
tained when a suitable shutter is not used is also 
illustrated. 

Extra-focal radiation does not usually present a 
great problem in kV calibration or measurement 
because of the heavy initial filtration, and errors of 
more than 1 kV are unlikely at 100 kV. When the 
beam has been restricted at the tube port as close to 
the target as possible (Ardran, 1957; Ardran et al., 
1964) the residual off-focus radiation present in the 
beam is a few per cent of the total beam. When 
there is no restriction of the beam at the tube port 
the off-focus content of the useful beam may be 20% 
or more. 


MEASUREMENT OF TUBE FILTRATION 
If the penetrameter is used to measure total or 
inherent filtration, extra-focal or off-focus radiation 





must be similar in calibrated and tested X-ray tubes 
or significant errors will occur. 

We have previously described (Ardran and 
Crooks, 1972) how, when using inferential methods 
to measure inherent filtration, the values are affected 
by target angle, the effects of target filtration being 
added to those of inherent filtration. The effects of 
different amounts of extra-focal radiation are also of 
importance (Gibson et al., 1975). The spectrum and 
intensity of extra-focal radiation has recently been 
investigated by Birch (1976). Since the amount of 
extra-focal radiation will alter the first half-value 
laver, it will obviously affect the results of any 
inferential method of measuring filtration unless the 
amounts are the same in the calibrated tube and in 
the tube being measured. 

Table I gives some measurements of the inherent 
filtration of a tube with varying degrees of restric- 
tion of the tube port. The larger the aperture the 
more extra-focal radiation from the anode is con- 
tained in the beam. This lowers the h.v.l. and gives 
rise to apparently reduced inherent filtration. The 
values given were obtained using the penetrameter as 
described for this purpose (Ardran and Crooks, 
1972). The values obtained from our calibration 





d cC 

Fic. 4. 

“Pinhole” radiographs as in Fig. 3 to cover the whole diameter of the anode (a) simultaneously using two 
further “pinholes” (B and c) on either side of the central pinhole to show the anode extra-focal radiation at 
different angles. The pinhole p is to the anode side of the central pinhole a and c is to the cathode side. 
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curves have been checked by adding the appropriate 
amounts of aluminium to the beams from the wider 
apertures when the beam quality, as determined by 
the CRN method, becomes the same as with the 
smallest aperture. Neglect of ensuring similar quan- 
tities of extra-focal radiation may lead to errors of up 
to 0.5 mm AI equivalent when estimating tube 
filtration. Unpublished observations have indicated 
that when the tube is tilted so that the effective 
target angle is changed, the percentage of off-focus 
radiation is the same. The effects of hardening of the 
beam by altering the tube angle can be distinguished 
from the effects of off-focus radiation by carrying 
out experiments with the tube tilted at different 
angles, with very small and with larger apertures. 

We have previously shown (Ardran and Crooks, 
1972) that changing the effective target angle from 
17 deg to 10 deg by tilting the tube hardened the 
beam at 80 kV by at least 0.25 mm Al equivalent; 
this value may be increased with old, roughened or 
pitted targets. Table I shows that reducing off-focus 
radiation by changing the tube aperture from the 
conditions in (B) to (4) hardened the beam by 0.15 


mm Al; thus for these conditions the effects of target 
angle in hardening the beam are greater than the off- 
focus effects. Different hardening values will be 
obtained with other changes in target angle or with 
different amounts of off-focus reduction. The ex- 
amples given above are commonly found in prac- 
tice, 

Figures 3 to 5 are large pinhole radiographs illus- 
trating the degrees of beam restriction used in Table 
I. In the tubes examined the main extra-focal con- 
tribution is from the anode disc and nut and extra- 
focal radiation from other sources within the tube is 
relatively insignificant. 


CONCLUSIONS 

We consider that the penetrameter cassette is ac- 
curate for practical purposes and can be used with 
X rays from 20 to at least 400 kV. We consider it to 
be accurate and convenient for the measurement of 
inherent or total filtration provided accurate calibra- 
tion curves are prepared and the problems con- 
nected with target angle and extra-focal radiation are 
dealt with. 





Fie. 5. 


“Pinhole” radiograph exposed with a film-screen combination 

giving greater sensitivity to show the anode spindle. It is esti- 

mated that the extra-focal radiation from sources other than the 
anode disc and bolt are relatively insignificant in most tubes. 
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Structural Shielding Design and Evaluation for Medical Use 
af X rays and Gamma rays of Energies up to 10 MeV. NCRP 
Report No. 49, pp. 126, 1976 (National Council on Radia- 
tion Protection and Measurements, Washington, USA), 

‘This report is essentially a revised version of the earlier 
report number 34 (1970) which it supersedes. Its title is an 
explicit statement of its contents which are divided into 
wight chapters and five appendices. 

After an introductory chapter which “‘sets the scene” by 
specifying the objectives of the detailed, factual information 
provided by the report, the second chapter presents the 
general principles concerning the purposes and requirements 
of protective barriers. 'The third chapter lists the properties 
of the various forms of the more commonly used barrier 
materials: lead, concrete, glass and liquids. The fourth 
chapter gives details of specific aspects of barrier construc- 
tion such as, for example, joints, corners, door edges and 
surroundings, baffled openings, entry mazes and observa- 
tion windows. The chapter is extremely well illustrated by 
relevant and clear diagrams. 

'The next three chapters provide specific details relevant 
to installations used for diagnostic, external beam therapy 
and brachytherapy purposes. The final chapter specifies the 
need for a radiation protection survey. It points out the 
actions to be taken before, during and after the construction 
and gives brief information about the measurements to be 
performed. T'he chapter concludes with a clear statement of 


^ 


the required contents of the radiation protection survey 
report. 

As is so often the case with this kind of publication, the 
appendices, which comprise more than 70% of the total text, 
provide a large quantity of essential, specific details. Appen- 
dix A lists the definitions of the special terms used in the 
report and its appendices. Appendix B is a 14-page descrip- 
tion of the methods and assumptions used in the calculation 
of both primary and secondary barriers in practical circum- 
stances. Of particular value are appendices C and D which 
provide, respectively, 29 tables of data and 17 graphs. The 
graphs are of the percentage transmission by the various 
barrier materials of the wide range of photon energies 
covered by the report, These are presented in semi-logarith- 
mic form. Although the scale used is rather small, the graphs 
are perfectly easy to read. Nevertheless, they are also avail- 
able separately on a larger scale. This is clearly advantageous 
and a practice to be commended. 

'The report concludes with a single-page chapter which 
lists the architectural and equipment information to be 
supplied to the qualified expert for use in shielding design, 
and finally an excellent index. 

There is no doubt that, like its predecessor report 34, the 
present report will be of immense value to and should be in 
the possession of all who are concerned with the design and 
testing of radiological installations. At $3.50 U.S. per copy 
it is one of today's bargains. 

J. B. Massey. 
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ABSTRACT 

Ín an initial pilot study technetium-99m-labelled human 
serum albumin was perfused directly into bipedal lymphatic 
cannulae prior to a standard lymphangiogram, in order to 
assess rapidly normal and abnormal lymph flow patterns in 
the lower extremity, pelvic and para-aortic lymph chains. 

A continuing study of these patients has lent further 
support to the hypothesis that the radionuclide perfusion 
study, when negative, may prove more accurate in some 
patients than the standard lymphangiogram in predicting 
the clinical course and/or the results of histopathological 
lymph node examination. The radionuclide technique also 
seems to meet, in this preliminary evaluation, the require- 
ments for a pre-lymphangiogram screening study, particu- 
larly for use in high-risk patients. 


experimental and initial clinical results with a new 
radionuclide imaging technique to complement the 
standard Ethiodol lymphangiogram were first report- 
ed two years ago (Steckel et al., 1975). Results for 
thirteen experimental subjects and twenty-one 
patients who were subjected both to radionuclide 
perfusion lymphangiograms and standard Ethiodol 
lymphangiograms were reported. The rapid radio- 
nuclide perfusion technique, which is performed by 
means of direct cannulation of pedal lymphatic 
vessels (see below), should be distinguished from 
other, more commonly used radionuclide lympho- 
graphic methods which employ interstitial injec- 
tions of a labelled colloid (Fairbanks, 1972; Gates 
et al., 1972; Herting et al., 1970; Kazem et al., 1968; 
Perlman, 1970; Sage et al., 1960; Winkel et al., 1965). 
Pathological proof was available in the twenty-one 
patients initially reported, and it was concluded that 
the radionuclide perfusion lymphangiogram might 
be an effective screening study for determining if a 
standard (Ethiodol) lymphangiogram were necessary, 
particularly in high-risk patients (Steckel et al, 
1975). The radionuclide perfusion study correctly 
identified as ‘‘positive’’ all patients who subsequently 
had positive histological evidence of tumour in 
pelvic or retroperitoneal lymph nodes. In addition, 
the radionuclide study correctly identified as "posi- 
tive" two patients with histological proof of lymph 
node involvement who had falsely negative Ethiodol 
lymphangiograms. Nevertheless, two patients in 
this series with a negative standard lymphangiogram 
and a negative pathological examination were in- 
correctly identified as "positive" by the radionuclide 
study. Despite these two “false-positive” cases, the 


te 
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radionuclide perfusion technique seemed in this 
initial series to fulfil the requirements for a rela- 
tively innocuous "screening study" to be used prior 
to a standard (Ethiodol) lymphangiogram, Whereas 
the standard Ethiodol lymphangiogram continued, 
as expected, to provide more detailed morphological 
information about alterations in lymph node and 
vascular architecture, the radionuclide technique 
seemed to emphasize abnormalities in lymph flow 
in the lower extremities, the pelvis and the retro- 
peritoneum. In view of this, another possiblity was 
that the two examinations might ultimately comple- 
ment each other by providing additional information 
for tumour diagnosis and staging. It is possible that 
small and otherwise undetectable tumour burdens 
located strategically in the paths of normal lymph 
flow might lead to early alterations in the flow 
patterns which would be detectable by the pefusion 
technique. 

Additional follow-up data are now available from 
the 41 patients in our initial pilot series, and these 
data are the subject of the present report. Twenty- 
four patients have pathological proof of pelvic or 
retroperitoneal lymph node involvement (or non- 
involvement) by tumour, and an additional ten cases 
have been followed clinically (without histological 
examination) for more than 18 months after their 
radionuclide perfusion lymphangiogram and Ethi- 
odol lymphangiogram. In the latter ten cases, the 
subsequent clinical courses can now be correlated 
with findings on the preceding lymphangiographic 
studies. 


MATERIALS AND METHODS 

A total of 41 patients have been examined in this 
preliminary series with a radionuclide perfusion 
lymphangiogram, followed directly by a standard 
Ethiodol study. The same bipedal lymphatic can- 
nulae which were introduced in standard fashion 
under local anesthesia were used for both studies. 
Details of procedure have been described earlier 
(Steckel et al., 1975), and only a brief summary is 
presented here. 

Lymphatic cannulae were introduced in the dorsa 
of both feet under local anesthesia, as with an 
ordinary lymphangiogram study. The patient was 
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then positioned supine over a gamma camera,* and 
4 ml 


taining approximately 


of 9*T'em-Jabelled human serum albumin (con- 
2 HSA) was 


2 labelled 
0.2 


ot 
minute into each lymphatic cannula. Prior to per- 


mCi 


perfused simultaneously at a rate ml per 


fusion, protein-unbound pertechnetate was removed 


by filtration through an anion exchange resin. During 





Fig. 1A 


Illustrative normal radionuclide perfusion lymphangio- 


gram in à young woman (C.G., in Table I) with adeno- 

carcinoma of vagina (mother of patient had received DES 

during gestation ) Note radionuclide concentrations in 

normal femoral, iliac (/\) and aortic bifurcation lymphatic 

SS€ ind nodes bilaterally. Some free pertechnetate has 
Iso been excreted into the bladder (mid-line ©) ) 





Fig. 1B 
Illustrative abnormal radionuclide perfusion lymph- 
mgiogram (R.B., in Table 1), showing bilateral obstructions 
(W) to proximal lymph flow at the level of external iliac 
node Che standard Ethiodol lymphangiogram, as well as 
subsequent autopsy examination, revealed massive, bilateral 
pelvic lymph node replacement by Hodgkin's tumour. 

*Picker Dynacamera IIb. 
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each lymphatic perfusion, the rapid ascent of tech- 
netium-labelled albumin was followed (by direct 
viewing on an oscilloscope screen and by serial 
Polaroid photographs) up the lymphatic chains of 
both legs and thighs, through the pelvic and peri- 
aortic chains, and finally into the thoracic duct 
(Fig. 1A). Criteria for interpreting the radionuclide 
perfusion study have been described earlier (Steckel 
et al., 1975), but the primary abnormality observed 
is obstruction to flow with delay in filling of normal 
lymphatic pathways, sometimes accompanied by 
lymph node enlargement (Fig. 1B). The time nor- 
mally required for ascent of the perfused radionu- 
clide through the pelvic and peri-aortic lymphatics 
the level of the cisterna chyli range 
to 60 minutes for Although 
several patients experienced minor discomfort, des- 


to in the 
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Is 
normal studies. 
cribed as "'tightness" in the calves and thighs during 
the first few minutes of perfusion, no untoward 
reactions were observed in any of the 41 patients 
studied. Following completion of each radionuclide 
perfusion and imaging of the pelvic and peri-aortic 
Iymphatics (and often the thoracic duct as well), the 
patient was moved on a stretcher to the ly mphangio- 
gram radiographic room with the lymphatic can- 
nulae still in place, and a standard Ethiodol Iymph- 
angiogram was performed using the same cannulae. 


RESULTS 

Of the 41 patients studied, 24 now have histologi- 
cal confirmation of tumour involvement (or non- 
involvement) of the pelvic and peri-aortic lymph 
nodes. These patients have been divided into two 
subgroups for further analysis: 

Subgroup (1)—In 17 of these 24 patients, the 
radionuclide perfusion examination, the standard 
Ethiodol lymphangiogram, and the subsequent his- 
tological lymph node examination were all in agree- 
ment (Table I). 

Subgroup (2)—In seven of these 24 histologically 
proven patients, one of the three listed studies was 
in disagreement with the other two (‘Table II). 

In an additional ten patients, histological exam- 
ination of the lymph nodes has not been performed. 
These patients have been followed clinically for a 
period of 18 months or more, and the results of their 
radionuclide perfusion study and standard Ethiodol 
lymphangiogram can now be correlated with their 
subsequent clinical course. These ten clinically- 
followed patients are divided in turn into two sub- 
groups: 

Subgroup (3)—In five of the ten patients the 
study the 
Ethiodol lymphangiogram were in agreement with 


radionuclide perfusion and standard 
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TABLE I 


PATHOLOGICALLY-PROVED CASES, IN WHICH THE RADIONUCLIDE STUDY, THE STANDARD ETHIODOL LYMPHANGIOGRAM, AND THE 
LYMPH NODE HISTOLOGY WERE ALL IN AGREEMENT 
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"hn 
Result of Result of 
Final radionuclide Ethiodol 
Patient diagnosis study Iymphangiogram 
K.M Ca Cervix Negative Negative 
M.T Ca Cervix Negative Negative 
E.H Ca Cervix Positive Positive 
M.B Hodgkin's Negative Negative 
C.C. Ca Cervix Negative Negative 
A.H. Hodgkin’s Positive Positive 
H.M. N-HL* Positive Positive 
G. Car Hodgkin's Positive Positive 
C.K.-T. Ca Colon Positive Positive 
T.S. Ca Cervix Negative Negative 
M.S Ca Cervix Negative Negative 
V.S. Ca Ovary Negative Negative 
R.B. Hodgkin’s Positive Positive 
L.S. Ca Cervix Negative Negative 
G. Cas N-H L* Positive Positive 
LB. Ca Urethra Negative Negative 
G.G. Ca Vagina Negative Negative 








*Non-Hodgkin's lymphoma 


TABLE H 
PATHOLOGICALLY-PROVED CASES IN WHICH ONE STUDY WAS IN DISAGREEMENT WITH THE OTHER TWO STUDIES 


| 








Result of 
histological | 
lymph node | 


examination 





Negative 


| Negative 


Positive | 
Negative 

Negative | 
Positive 

Positive | 
Positive { 
Positive | 
Negative | 
Negative | 
Negative 

Positive | 
Negative | 
Positive 

Negative | 
Negative 











Result of 


Result of 


Result of 
histological 











Final radionuclide Ethiodol lymph node 
Patient diagnosis study lymphangiogram | examination 
N-HL* Positive Negative Positive 
Ca Cervix Positive Negative Positive 
Ca Vulva Positive Negative Positive 
Ca Cervix Negative Positive Negative 
Ca Cervix Negative Positive Negative 
Adeno Ca (? Ovary)t | Positive Negative Negative 
"FUO" Positive Negative Negative 














*Non-Hodgkin's lymphoma 


TStudies were done after good local response of tumour to pelvic irradiation. 


TABLE HHI 
CLINICALLY-FOLLOWED CASES*, IN WHICH THE RADIONUCLIDE STUDY AND THE STANDARD ETHIODOL LYMPHANGIOGRAM WERE 





























*For eighteen months or more, following lymphangiography 


+ Non-Hodgkin's lymphoma 
IN.E.D.-- No clinical evidence of disease 


(length of i 








BOTH IN AGREEMENT 
E i Clinical follow-up 
Result of Result of 
Final radionuclide Ethiodol | follow-up 
Patient diagnosis study Iymphangiogram period) 
A.H. Hodgkin’s Negative Negative 
L.R. Ca Cervix Negative Negative N,E.D.1(24 years} 
R.G. Seminoma Negative Negative N.E.D.1(20 months) 
M.W. Mycosis fungoides Positive Positive Alive, with disease 
(3 vears) 

JW. N-H Lt Negative Negative N.E.D.1(23 vears) 
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TABLE IV 


CLINICALLY-FOLLOWED CABES*, IN WHICH THE RADIONUCLIDE STUDY AND THE STANDARD ETHIODOL LYMPHANGIOGRAM WERE 
IN DISAGREEMENT 














1 TC 
i f Result of Result of Clinical follow-up 
i Final radionuclide Ethiodol (length of 
| Patient diagnosis study Iymphangiogram | follow-up period) 
i N.H Lg Positive Negative NED.AG years) 

Dermatomyositis Positive Negative No malignancy (2 years) 

Ca vaginat Positive (left pelvis)t | Negative N.E.D."(2 years) 

| Intestinal Negative Positive] No malignancy 
lymphangiectasia (18 months) 
SLE Negative Equivocal No malignancy 
(24 vears) 





*18 months or more, following lymphangiography. 








Had large left-sided pelvic mass at time of lymphography (subsequently treated by irradiation, with clinical regression), 
{Reflux of Ethiodol into mesenteric nodes (not diagnostic of malignancy). 


§ Non-Hodgkin's lymphoma 
YN E.D. = No clinical evidence of disease 


each other and with the patients’ subsequent clinical 
course (Table IH). 

Subgroup (4)-—In the remaining five patients, on 
the other hand, the results of the radionuclide study 
and the standard Ethiodol lymphangiogram differed 
(Table IV). These five patients, in some of whom 
the diagnosis had not been established at the time of 
the lymphangiogram, will be analysed in more detail 
below with respect to their subsequent clinical 
course and final diagnosis. 

Looking at subgroups | to 4 in greater detail, 
‘Table I indicates that in 17 of the 24 histologically 
proven patients, encompassing a variety of primary 
tumour types, there was perfect agreement between 
the pathology, the radionuclide perfusion and the 
Ethiodol examinations. Moving to the second sub- 
group (Table II), in three of these patients (B.L., 
M.B., D.M.) the radionuclide perfusion study was 
positive together with subsequent lymph node his- 
tology, whereas the standard Ethiodol lymphangio- 
gram was falsely negative. In two other patients 
listed in Table II (A.M. and M.P.), the radionuclide 
and histological examinations were both negative 
while the Ethiodol lymphangiogram was falsely posi- 
tive, However, in the remaining two patients listed 
in Table II (B.W. and R.F.), the radionuclide study 
was falsely positive in the face of a normal Ethiodol 
iymphangiogram and normal histological lymph 
node examination. In one of these patients (B.W.), 
the radionuclide study and the standard lymphan- 
giogram were performed after recent intensive 
irradiation of the pelvis (with a good clinical re- 
sponse), the patient having presented initially with 
a "frozen pelvis from extensive local tumour." 
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Following the lymphangiograms, pelvic exploration 
in this patient revealed “no viable tumour”. 

Of the ten patients who have been followed 
clinically for 18 months or more, the radionuclide 
perfusion study and Ethiodol lymphangiogram were 
in complete agreement in five patients (Table IIT), 
and subsequent clinical follow-up has corroborated 
the findings of both studies. Of greater interest are 
the five patients followed clinically in whom there 
was disagreement between the results of the radio- 
nuclide perfusion study and the Ethiodol lymphan- 
giogram (Table IV). In three of these five patients 
(S.B., A.F., and D.C.), subsequent clinical and lab- 
oratory studies have established that the patients had 
non-malignant conditions. In two of these patients 
(A.F. and D.C.), the radionuclide study was correctly 
negative, whereas the Ethiodol lymphangiogram was 
interpreted either as equivocal or positive for tu- 
mour. In the third patient (S.B.), the radionuclide 
perfusion study was falsely positive in the face of a 
subsequent clinical diagnosis of dermatomyositis 
(the Ethiodol lymphangiogram in this patient was 
negative). Finally, in the two remaining patients 
(G.W. and R.C., in Table IV), both patients are now 
living after treatment without clinical evidence of 
residual or recurrent tumour two years and three 
years respectively following their lymphangiograms. 
In both of these patients, the radionuclide study had 
been interpreted as "positive" whereas the Ethiodol 
lymphangiogram was negative for pelvic and peri- 
aortic lymph node involvement. Accordingly, for 
purposes of analysis in these two patients, the radio- 
nuclide studies are also regarded now as "false 
positives" (Table V). 
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TABLE V 


SUMMARY OF COMPARATIVE ACCURACIES OF RADIONUCLIDE PERFUSION STUDIES AND STANDARD ETHIODOL LYMPHANGIOGRAMS 
IN THIRTY-FOUR PATIENTS 


























‘True positives True negatives | False negatives Totals 
Radionuclide 11 18 — 0 34 
perfusion (32%) (5395) 0(95) 
lymphangiogram 
Ethiodol 8 19 3 34 | 
lymphangiogram (24%) (56% (9%) | 
eet | 








*Includes one result interpreted as “equivocal” (D.C., in Table IV) 


In summary, of 24 patients now available for 
analysis from 41 studied in our initial series, there is 
disagreement between the initial radionuclide per- 
fusion study, the standard lymphangiogram, and/or 
with lymph node histology in 12 patients (Tables II 
and IV). Of these 12 “discordant” cases, there were 
none in whom the radionuclide perfusion examin- 
ation was falsely negative. Indeed, in three of these 
12 cases the radionuclide examination was correctly 
“negative” in the face of a false-positive Ethiodol 
lymphangiogram (A.M. and M.P. in Table I1; A.F. 
in Table IV). In five of these 12 “discordant” cases 
(B.W. and R.F. in Table II; R.C., S.B. and G.W. 
in Table IV), the radionuclide perfusion study did 
prove to be falsely positive. This represents a false- 
positive rate for the radionuclide perfusion technique 
of five patients out of 34 now analysable, or approx- 
imately 1595. True and false positive and negative 
rates for both the radionuclide perfusion studies and 
the standard Ethiodol lymphangiograms in this pre- 
liminary series are summarized in Table V. 


DISCUSSION 

Continuing follow-up of a preliminary series of 
patients by both radionuclide perfusion lymphan- 
giography and by standard Ethiodol method has 
revealed a consistent pattern: in all patients the 
radionuclide technique has successfully detected 
pelvic or retroperitoneal lymphadenopathy which 
was confirmed subsequently on pathological examin- 
ation (Tables I and II). In ten additional patients in 
whom clinical follow-up alone is currently available, 
all six negative radionuclide studies have proved 
consistent with the patients' subsequent clinical 
courses (Tables III and IV). Furthermore, in three 
histologically-proved cases (B.L., M.B. and D.M. 
in Table II) the radionuclide examination revealed 
an obstruction to lymph flow which was not evident 
(or accompanied by any other abnormality) on the 
Ethiodol lymphangiogram. The radionuclide per- 
fusion study requires about half an hour to perform 
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after cannulation of the lymph vessels, and the 
results are immediately available. It has been asso- 
ciated with no allergic or other sequelae in 41 
patients, and it may be performed safely when there 
are relative or absolute contra-indications to a stan- 
dard Ethiodol lymphangiogram (including allergy 
to iodine, severe lung disease, mediastinal fibrosis, 
and/or massive lymphatic obstruction), (Abrams, 
1968; Fuches, 1962; Koehler, 1968; Threefoot, 
1968). 

A negative radionuclide study appears to indicate 
a low likelihood of tumour involving the common 
femoral, external iliac, common iliac and/or peri- 
aortic lymph nodes. The 15°, “false-positive” rate 
for radionuclide perfusion lymphangiograms in this 
preliminary clinical series (‘Table V) is reasonable for 
a screening study: in the individual patient, the 
radionuclide perfusion results can be evaluated 
rapidly and a decision can be made immediately by 
the radiologist, in consultation with the referring 
clinician, whether or not to perform a standard 
Ethiodol lymphangiogram using the same pedal 
lymphatic cannulae. Delay occasioned by the radio- 
nuclide examination and any additional discomfort 
to the patient are minimal, and the decision on 
whether to perform a standard Ethiodol lymphangio- 
gram (with its possible attendant risks) can be 
tailored individually to meet each patient's diag- 
nostic and staging requirements. 
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A Guide to Electrical Hazards and Safety Standards. Topic 
Group Report 24, pp.9 (incl. references) (London, The 
Hospital Physicists’ Association), £1-00. 

This is a very useful booklet which serves as an intro- 
duction to the main relevant documents concerned with 
electrical safety standards, i.e. Hospital Technical Memo- 
randum No, 8 which refers to National Health Service 
requirements, and the draft standard of the International 
Electro-technical Commission dealing with ‘General re- 
quirements for safety of electrical equipment used in 
medical practice". These documents contain a considerable 
amount of detail, and report No. 24 is intended to provide a 
simple explanation of the underlying physiology and an 
indication of the points of difference between the two 
documents. 

The report is only seven pages long but it achieves its aim. 
However, it will be more readily comprehended by someone 
with a knowledge of the field of hazards of electrical equip- 
ment because in some of the descriptions of fault conditions 
only those familiar with the terminology are likely to under- 
stand the text. This is a pity because the report should be of 
interest to a wider readership than staff specifically con- 
cerned with electrical safety matters. For example, in 
section 4.2 headed Electrical Insulation, it is stated that 
routine installation tests should apply 500 V d.c. between 
the combined mains conductors (mains switch open and 
closed) and earth. What is not said is that the main switch 
refers to that equipment, and not on the wall or bench. The 
exercise of a little imagination soon enables one to decide 
which case is referred to, but we are dealing here with a text 
which may be widely referred to as a quick guide, 

A useful table gives recommended maximum values for 
earth leakage currents in various conditions. The read- 
ability of this table could be improved by the addition of 
vertical lines separating the sections. The leakage currents 
listed as permissible for a test in which the mains supply is 
connected to the patient are given as 0.1 mA in the HTM8 
document, 0.05 mA in the TEC document for single fault 
condition and intra-cardiac connections, and 5 mA for the 
single fault condition and external patient connections. 'The 
difference between the HTM8 and the IEC recommenda- 
tions seem peculiarly large. 

In spite of the criticisms already made that the material is 
not presented in such a way that it can be understood by 
“non technical” readers, the report is a very useful one and 
can be recommended for someone who wants an introduc- 
tion to the subject. 

N. Ramsey. 
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ABSTRACT 

A peak 7 cm in extent at the 8095 isodose level was ob- 
tained in the depth damage profile of chromosome aberra- 
tions in lymphocytes from blood samples exposed to pi- 
mesons. The peak to plateau ratio was 1.4 for dicentrics 
and 1.6 for total aberrations. This was achieved by super- 
imposing beams of 128, 146 and 166 MeV/c as suggested 
by a simple model and previously published results. It was 
observed that the effect of the highest momentum pions 
was over-estimated, resulting in an early gradual fall off with 
depth and a useful peak 2 cm less than predicted. 


In order to irradiate solid tumours with negative 
pi-mesons (pions) it is desirable that the peak region 
of the depth profile should extend over the treatment 
volume. Previous experiments with pions of momen- 
tum 160 MeV/c and about 15°, momentum spread 
yielded a biological profile peaking at 14 cm depth 
in a plastic phantom with a spread at half height 
above the plateau value of about 3 cm (Lloyd et al., 
1975a). Clearly such a peak is too narrow for therapy. 
The disadvantage may be overcome in various ways. 
This paper describes the production of an expanded 
peak by the superimposition of pions having three 
values of momentum. The resultant profile as deter- 
mined with an ionization chamber is compared with 
a profile of biological damage, measured as the yield 


of chromosome aberrations induced in human 
lymphocytes. 

MATERIALS AND METHODS 
Blood samples 


Freshly taken blood from a healthy adult male 
donor was heparinized and transferred to 35 0.7 ml 
polypropylene ampoules which were arranged in a 
staggered pattern along the axis of the pion beam, 
The ampoules were within the 80°, transverse 
isodose contour and were held in a water bath 
maintained at 37°C. The distance from the outer 
face of the front wall of the bath to the mid-point of 
each ampoule is shown in Table I, column 2. Fol- 
lowing irradiation two whole-blood micro-cultures 
were set up from each ampoule, the cells being stimu- 
lated with phytohaemagglutinin and incubated for 48 
hours. Coded slides were examined with the light 
microscope for unstable chromosome aberrations, 
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ie. dicentrics, centric rings and acentrics. All the 
preparative techniques and the criteria for micro- 
scope analysis followed a routine procedure which 
has been described by Purrott and Lloyd (1972). 


Irradiation 

The design and layout of the beam line are de- 
scribed elsewhere and have remained unchanged to 
date (Perry and Hynes, 1971). The three momenta 
used, 128, 146 and 166 MeV/c, were chosen so that 
by adjusting the exposure at each an expanded 
ionization peak of about 10 cm should be produced 
in the phantom over depths ranging from 8 cm to 
17 cm. 

'The depth-dose measurements were made using 
a Baldwin- Farmer air equivalent ionization chamber 
with a volume of 0.2 cm? placed at various depths 
in the water phantom. The readings were normalized 
to a monitor which was a transmission ionization 
chamber placed in front of the phantom. The 
0.2 cm? chamber was calibrated with 99Co y 
radiation and a factor of 0.97 was applied to convert 
from roentgens to rads in water. No corrections 
were made specifically for pions. Such corrections 
would be less than 109; and are discussed by Nias 
et al, 1974. 'The depth-dose profiles. measured 
by ionization are shown in Fig. 1. 

A previous experiment (Lloyd et al., 1975a) using 
the same cytogenetic system at one momentum 
setting of 160 MeV/c had shown a peak to plateau 
ratio of biological effect about 1.7 times the ratio of 
doses. In this paper we refer to this as the biological 
enhancement factor; it is shown in Table II, column 
4, where the dose effect data up to 250 rad have been 
approximated to a linear fit. The model chosen to 
merge the three momenta settings in the present work 
assumed that the factor of 1.7 1s appropriate for 
each and the expected distributions of the biological 
enhancement around the three peaks are shown in 
Fig. 1. 

A matrix was made using the values of the bio- 
logical depth profiles at the three depths correspond- 
ing to the peak of each setting and the exposures 
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TABLE I 
CHROMOSOME ABERRATION YIELDS OBTAINED FROM BLOOD SAMPLES IRRADIATED AT VARIOUS DEPTHS IN THE PION BEAM 






























P 
| | Mid-line depth 
| Sample no. (em) No. cells scored | Dicentrics Centric rings Acentrics 
| 1 t 1.0 496 93 5 38 
| 2 2.8 200 30 1 13 
3 | 34 211 32 3 14 
4 4.0 155 23 2 10 
5 | 4.6 355 55 3 32 
| 6 52 300 50 0 17 
| 7 | 5.8 470 85 6 41 
| 8 64 270 57 2 31 
| 9 7.0 298 50 1 31 
10 7.6 240 52 3 24 
| E 8.2 210 41 1 19 
| 12 8.8 254 55 0 42 
13 9.4 240 50 4 35 
| 14 | 10.0 189 41 1 23 
i 15 10.6 360 76 3 43 
| 16 11.2 410 95 3 69 
17 11.8 300 61 2 54 
18 124 210 50 3 32 
19 13.0 210 55 1 34 
20 13.6 240 50 2 31 
21 14.2 80 16 2 9 
i 22 14.8 Cultures failed 
23 15.4 440 72 1 48 
24 16.0 257 44 3 22 
25 16.6 360 51 4 44 
26 17.2 360 52 2 45 
27 17.8 530 74 2 68 
28 18.4 260 26 0 26 
: j 50 3 24 
51 5 36 
10 0 6 
68 2 52 
18 0 18 
52 1 35 
6 2 2 
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Relative dose and assumed biological profiles for the three 
pion momenta. 
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needed to produce an equal biological effect at each 
were calculated. The momenta settings at 128, 146, 
166 MeV/c were used in the ratio 0.27, 0.46, 1.0 
measured in terms of the monitor. The resultant 
predicted biological effect and dose profiles are as 
shown in Fig. 2. 

A total of 150 rad was given as this would be a 
likely daily treatment dose for radiotherapy. This 
dose was given at 12.4 cm, approximately in the 
middle of the broad peak produced by the three 
momenta. During the irradiation three doses of 
50 rad were given in three cycles of the three 
momenta in order to provide a more even dose 
distribution during the run. 


RESULTS AND Discussion 
The observed chromosome damage is given in 
Table I and the data for the dicentric yields and for 
total aberration yields are shown in Figs. 3 and 4, 
respectively. As well as the predicted curves, Figs. 3 
and 4 show how different biological enhancement 
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TABLE II 


ABERRATION YIELDS PER CELL PE 


R RAD OBTAINED FROM A LINEAR FIT TO PREVIOUSLY PUBL 


ISHED DOSE RESPONSE DATA 


(LLOYD ET AL., 19752) 





Plateau 





Peak to plateau ratio of | 
yield/rad (biological | 









Dicentrics 
Total aberrations 





Peak enhancement factor) | 
0.00167 +0,00012 1.674017 | 
0.00306 40.00020 166 £015 | 


m 








200 








DOSE (rads) AND BIOLOGICAL EFFECT (arb units) 
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'The profiles of the three combined momenta. 


factors would improve the fit (dashed lines). The 
dicentric data (Fig. 3) agree with the prediction 
except for a fall-off at the position corresponding to 
the peak of the highest momentum. Here the dashed 
line is drawn for an enhancement factor of 1.2. In 
view of the similarity between the highest momen- 
tum, 166 MeV/c, and that used in the previous 
experiment, 160 MeV/c, the low aberration yields 
observed in samples at depths of 15-18 cm were 
unexpected and cannot be explained from physical 
considerations. A replicate exposure was made and 
a few selected blood samples analysed. At depths of 
16 and 17.8 cm low aberration yields were again 
obtained, 0.17 and 0.12 dicentrics per cell respect- 
ively. If further work confirms this effect it would 
be important for radiotherapy. 

The data for total aberrations (Fig. 4) show a 
similar fall-off. There is an indication of an increased 
enhancement for the middle momentum for both 
end points. The dashed curve on Fig. 4 is for the 
case of a plateau yield 14° lower than the best 
previous determination, i.e. 0.00158 aberrations per 
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Observed yield of dicentric aberrations, prediction using a 

1.7 enhancement factor for each momentum (A), using 1.2 for 

166 MeV/c (B), and the pion dose profile (C). Also shown 

is a damage profile for 150 rad 99Co y radiation at 12.4 cm 
depth (D). 


cell per rad and biological enhancement factors of 
2.4, 2.8 and 1.5 for 124, 146 and 166 MeV/c respect- 
ively. A similar re-normalized curve would also fit 
the dicentric data. 

The ratio of observed damage between the highest 
point in the peak (12 cm) and the lowest in the 
plateau (3 cm) is about 1.5 for dicentrics and about 
1.8 for the total aberrations. Taking average values 
across the peak (7-14 cm) and the plateau (1-5 cm), 
the ratios are about 1.4 and 1.6. All are slightly more 
favourable than the ratio for the predicted profile, 
1.3. Nevertheless, as expected, they are significantly 
less than the value of 2.6 found by Lloyd ef al. 
(1975a) with the single momentum setting. 
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Fic. 4. 
Observed yield of total aberrations, prediction using a 1.7 
enhancement factor for each momentum (A), taking a 1455 
tower yield at the plateau and enhancements of 2.4, 2.8 and 
1.5 for the three momenta (B), the pion dose profile (C), 
and a ® Co y aberration profile (D). 


A calculation of how the enhancement factors may 
be expected to vary has been made by considering 
the ratio of the high LET component from pion 
absorption to the low LET component from beam 
particles in flight. Taking parameters appropriate to 
this beam, and assigning an RBE of 3.0 to the high 
LET component, enhancement factors of 1.63, 1.59 
and 1.53 were found for the three settings. These 
values are close to those given in Table II, column 4, 
and are not sufficient to account for the variations 
found, especially for the total aberrations. 

Similar calculations by Li et al. (1974), starting 
from theoretical depth-dose curves for small mo- 
mentum bites, produced a depth profile to deliver 
a uniform effect in a 10 cm cube tumour. The profile 
has a significantly higher peak than ours. This is 
because our beam is more subject to losses by 
scattering due to its small cross-sectional area (4. 5 
cm full width at half-height), its divergence (0.85% 
per om) and a large momentum bite (139; full width 
at half-height). These features result in a low peak- 
to-plateau ratio for the 166 MeV/c setting which 
cannot be regained by the smaller additions of the 
two lower momentum components. The calculated 
enhancement factors however do agree in the central 
region of the peak for there the quality of the 
radiation is not significantly affected by the differ- 
ences in the beam parameters. 


At the position of the first blood sample, 1 cm 
deep into the plateau, a high aberration yield was 
observed relative to the subsequent five samples. 
This phenomenon has also been described with two 
other biological systems, namely by Winston ef al. 
(1974) who studied the inhibition of bean root 
growth, and by Nias (1976) who examined the sur- 
vival of frozen HeLa cells. 'T'he final position in the 
tail (24 cm) gives a very low yield consistent with an 
RBE of 1.0 and well below the plateau value of 1.5. 
Physical and biological experiments are being pre- 
pared by this group to study the front of the plateau 
in detail and the enhancement factors at each mo- 
mentum setting separately over the peak and in the 
tail. 

For comparison with conventional depth-dose 
curves, the profile of biological damage in terms of 
aberration yields for 99Co y-radiation in a unit 
density material is also shown in Figs. 3 and 4. The 
curves were obtained from the depth dose data for a 
20 x 20 cm field at 100 cm SSD (Kemp and Cohen, 
1961) and the data were converted into aberration 
yields for 9?Co delivered at 18 rad per hour (Lloyd 
et al., 1975b) for a dose of 150 rad at 12.4 cm depth. 

Several theoretical attempts have been made to 
assess the effects of widening of the peak (Li e al., 
1974; Armstrong et al., 1973). However, the work 
reported here is the first to give experimental results 
with a biological system for the combination of pion 
beams of different momenta. It has been observed 
that radiobiological experiments with pions are only 
clinically relevant when they are conducted under 
the same conditions as are likely to be used with 
patients (Fritz-Niggli, 1976). While this is clearly 
correct, at this early stage in the development of pion 
radiotherapy experimental work of the type pre- 
sented here is necessary to assist the therapist to 
determine the optimum application of pion beams. 


CONCLUSIONS 

For pion radiotherapy the ionization peak needs 
to be enlarged and the work reported here based on 
radiation-induced chromosome aberrations in human 
lymphocytes has demonstrated that this may be 
achieved by using a beam in which several pion 
momenta are combined. A 7 cm extended peak 
region was obtained by the superimposition of three 
momenta settings of the Rutherford Laboratory’s 
pion beam line. The peak to plateau ratios were 1.4 
for dicentrics and 1.6 for total aberrations. In both 
cases the biological effect in the peak region was 
greatest for 146 MeV/c and significantly lower at 
166 MeV/c, Therefore it is clear that the present 
method of widening the pion peak must be preceded 
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by a more detailed study of likely momenta, examin- 
ed separately, to determine the relationship between 
dose and biological effect at varying depths, es- 
pecially across the peaks. 
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ABSTRACT 

Experiments were aimed to establish whether therapeutic 
doses of ultrasound are liable to cause demonstrable 
chromosomal damage in marrow cells of the mouse. On 
evaluation. of the chromosome aberrations no significant 
increase was found after treatment with three different 
doses of ultrasound. In contrast, our “‘positive control 
group” irradiated with 50 R of X rays showed clearly 
demonstrable chromosomal damage. In another group of 
animals treated with ultrasound plus X rays, the ultrasonic 
pretreatment did not increase the damaging effect of X rays 
significantly. 


The widespread medical application of ultrasound 
can be attributed to the fact that it is a non-ionizing 
radiation which can be considered harmless for 
genetic material. Several experiments have been 
carried out since 1970 that justify this statement. 
The biological effects of ultrasound depend 
primarily on the applied frequency, intensity and 
duration of exposure. The most important factor 
amongst these physical parameters is intensity 
which is about a hundred times higher in therapy 
than in diagnosis. 

The genetic effect of ultrasound has been investi- 
gated extensively by insonication of human peri- 
pheral blood and tissue cultures in vitro. The results 
of these experiments have been generally negative 
(Abdulla et aL, 1971; Coakley and Slade, 1971; 
Buckton and Baker, 1972; Mackintosh et al., 1975; 
Watts et al., 1972). 

The results of the recent DNA studies reported by 
Galperin-Lemaitre et al. (1975, 1976) deserve 
attention. Insonication mm vitro of purified DNA at an 
intensity only ten fold higher than the diagnostic 
dose (200 mWícm?) produced electron-micro- 
scopically demonstrable DNÀ breakages. 

After treatment of HeLa tissue cultures with 
diagnostic doses of ultrasound, a 14°% decrease in 
DNA synthesis has been found by investigation 
with 5H-thymidine (Prasad et aL, 1976.). These 
observations are not, of course, applicable to normal 
tissue conditions; thus they imply the necessity of 
further studies in vivo. 

Our experiments were aimed at determining 
whether therapeutic doses of ultrasound produce 
demonstrable chromosome abnormalities under 
ia vico conditions. Laboratory mice were insonicated 
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from a therapeutic equipment and bone marrow 
cells were prepared for demonstration of resulting 
chromosome damage. Apart from the untreated 
control group, we have also used a so called "positive 
control" irradiated with X rays. Our aim was to find 
out whether if a known mutagenic agent, in our case 
X rays, is applied in combination with ultrasound 
they are affected by each other. The chromosome 
preparation was made 24 hours following insonica- 
tion and irradiation with X rays. Combined treat- 
ment of somatic chromosomes was investigated in 
order to determine whether insonication increased 
the mutagenic effect of X rays. 


MATERIALS AND METHODS 

Our experiments were carried out on eight- 
week-old male CBA/H-Ts] mice of 23-25g body 
weight. Experiments in radiation genetics appear to 
justify the assumption that reactions obtained in 
mice represent a good approach to human conditions 
though evaluation of chromosomes of the golden 
hamster and the rat present fewer difficulties. 

The animals were divided into the following 
seven groups. 


Group A 

'The animals received the same treatment as their 
test counterparts, but without exposure to ultra- 
sound or X rays (ten mice). 


Groups B-C-D 

'The animals were insonicated with three different 
doses of ultrasound: 0.1, 0.5 and 1.0 W/cm? (spatial 
average intensities; six mice per group). 


Group E 

'The animals were treated with 50 R whole body 
X ray irradiation, "positive control group" (six 
mice). 


Groups F-G 

Combined ultrasound and X rays were applied. 
Both groups received the same irradiation of 50 R 
but the intensity of ultrasound was different: 0.1 
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and 1.0 W/cm? (five mice per group). The X rays 
were applied two hours after ultrasonic treatment. 


The ultrasonic waves were generated from Ultron 
T-11 type therapeutic apparatus working at 800 
kHz, set for continuous emission. The diameter of 
the probe was 2 cm. The intensity was measured on 
the therapeutic equipment as the output level. 
Exposure time was the same in each group, i.e. 
five minutes. Some minutes prior to insonication the 
animals were anaesthetized by ip. Nembutal 
(30mg/kg). The animals, fixed by the extremities, 
were submerged in the coupling medium up to the 
abdomen to ensure good acoustic coupling between 
the transducer and the shaved skin of the animal. 
For the X-ray treatment, a Stabilipan (Siemens) 
apparatus was applied to deliver 50 R whole body 
irradiation (190 kV, 20 mA, 20.7 R/min, Al filter of 
4mm, measured HVL 0.56 mm Cu). 

The mice were killed 24 hours after insonication 
or irradiation and chromosome examination was 
made by Ford’s method directly from the bone 
marrow. In all probability the cells received the 
exposure in Gg and went through a single cell 
division. The cells flushed out from the femur were 
placed in a 'Tc-199 solution and incubated, after 
addition of colchicin, at 37°C for two hours. 
Following centrifugation the sedimented cells were 
submitted to hypotonic shock in 0.075 M potassium 
chloride solution for 25 minutes and then again 
centrifugated and fixed three times in 1:3 acetic acid— 
methanol solution. The cell suspension obtained 


was dropped onto a cleaned slide and dried in air. 
'The preparation was stained with Giemsa solution. 

Chromosome aberrations were assessed partly 
microscopically and partly on the basis of micro- 
photographs. Scoring of aberrations was carried out 
"blind". A total of 2150 metaphases were evaluated 
in the seven groups. Statistical analysis was per- 
formed by X? test. The normal mouse karyotype is 
characterized by 40 acrocentric chromosomes classi- 
fied according to size. At evaluation the following 
aberrations were taken into consideration— structural 
aberrations: acentric fragments, chromatid and 
chromosome deletions, metacentric chromosomes, 
ring chromosomes; numerical aberrations: hypo- 
diploid cells (number of chromosomes less than 
40), and polyploid cells (these were always tetraploid 
in our material). 


RESULTS 

The structural and numerical aberrations ob- 
served in the ultrasound, X-ray, and ultrasound plus 
X-ray treated groups, as well as the untreated 
controls, are indicated in Table I. The structural 
aberrations of the three ultrasound treated groups 
showed no significant increase as compared with the 
untreated control. Increase in intensity did not lead 
to a proportionate increase in the quantity of structur- 
al aberrations. In contrast, the number of aberrations 
was significant after irradiation with X rays as 
compared with both the untreated control and the 
ultrasound treated groups (p< 0.05). As compared 
with the controls, a significant difference is obtained 


TABLE I 
CHROMOSOME ABERRATIONS PRODUCED BY ULTRASOUND AND X RAYS 












































Ultrasound SÜRX rays plus US 
i 
Control 0.1 W/cm? | 0.5 W/cm? | 1.0 W/cm? [SOR X rays | 0.1 W/cm? | 1.0 W/cm*? | 
Total cells 
scored 600 250 250 250 300 250 250 
Total structural | 
aberrations, 95 1.83 3.2 4.0 3.6 10.66 12.4 8.0 | 
Metacentrics 1.16 2.4 2.0 1.2 4.66 4.0 1.2 | 
Acentrics 0.5 0.4 1.6 0.4 5.33 6.4 2.4 
Rings a = = 0.4 = G4: p Cu | 
Chromatid 0-16 0.4 0.4 1.2 0.66 1.6 4.0 | 
deletions i 
Chromosome 
deletions = — — 0.4 — — 0.4 
Structural 
aberrations 
per cell 1.0 1.33 0.81 1.0 1.45 1.45 E | 
PE a ee eet a | ELLE TTA, EPEE R = VENE PC ost nem RPM NEN re 
Total numerical | | 
aberrations, 55 5.66 4.4 6.0 5.6 9.33 8.2 | 6.0 | 
Hypodiploid 3.83 2.4 4.4 4.8 7.33 | 4.0 | 4.4 | 
Hyperdiploid | 1.83 i 2.0 1.6 0.8 2.0 1:2 1.6 | 
ARP, Mee Sealer ee leet uat —À E sie | | 
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in our statistical test if more than 4°, of the treated 
cells showed structural aberrations. 

The second question was whether ultrasonic 
pretreatment enhanced the damaging effect of 
X rays. At the doses applied by us, no significant 
difference was observed between the X-ray treated 
groups and the ones exposed to ultrasound and 
X rays. Our experience suggests that low doses of 
ultrasound do not influence synergistically the 
chromosome damage produced by X rays. 


Discussion 

Exact determination of the intensity of ultrasound 
at the bone marrow cells is difficult, The ultrasonic 
energy reaching the medullary cavity depends on 
several factors: sound absorption of the layers above 
the bone, and scattering and reflection of sound 
before it reaches the cells. In calculating the 
effective dose, reflection from the muscle-bone 
boundary and absorption of the soft tissues and the 
bone were taken into consideration (Fry and Dunn, 
1962; Farkas and Irányi, 1965). Thus the ultra- 
sound intensities reaching the medullary cavity in 
our case were estimated to be: 0.055 W/cm? (at 
0.1 Wiem?); 0.368 W/cm? (at 0.5 W/cm?); and 
0.736 W/cm? (at 1.0 W/cm?). 

In accordance with published data our results 
confirm the harmlessness of diagnostic doses of 
ultrasound. The demonstration of the absence of 
any genetic damage caused by diagnostic ultra- 
sound is one of the basic arguments justifying its 
increasing application in diagnosis. 

Absence of mutation has been observed in a 
bacterial test following insonication (Combes, 1975). 
The conventional subject of genetic experiments, 
Drosophila melanogaster, was severely affected only 
after long exposure to high doses of ultrasound 
(Thacker and Baker, 1976). Levi et al. (1974) 
investigated somatic chromosomes of the golden 
hamster after insonication with therapeutic doses. 
In agreement with our observations they did not 
notice any significant increase in the rate of aberra- 
tions. Testes and ovaries of mice were exposed to 
continuous and pulsed ultrasound by Lyon and 
Simpson (1974). No significant damage to the 
gonads was observed. 

It should be emphasized that no paper is known 
which reports genetic damage in humans caused by 
diagnostic doses of ultrasound. In chromosomes 
harvested from insonicated lymphocytes of fetuses 
and their mothers no significant increase of abbera- 
tions was detected (Abdulla et aL, 1971; Korányi 
et al, 1972). Cytogenetic preparation of human 
fetuses exposed to ultrasound prior to artificial 
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abortion also failed to reveal aberrations (Ikeuchi 
et al., 1973). 'The studies cited include, of course, 
only microscopically detectable damage, but the 
possibility of point mutations can still not be 
excluded. We have not found that ultrasound 
increases the number of chromosome aberrations 
produced by X rays in the doses we have used. This 
observation is in close accord with a problem 
investigated earlier which has recently been raised 
again in connection with the combined application 
of ultrasound and X rays in the treatment of 
tumours. Favourable results were obtained in the 
treatment of both animal tumours and certain 
human neoplasms (Horváth, 1946, 1948; Woeber, 
1951). Ultrasound by itself fails to destroy tumours 
at a satisfactory rate and selectivity, but at an 
intensity of several W/cm? its damaging effect on 
the tumour is added to that of X rays. The biological 
mechanism of action of the combined treatment and 
the possibility of its clinical use have come into 
prominance again (Fleisher, 1975; Heimburger 
et al, 1975). The absorbed ultrasonic energy is 
almost completely converted into heat and the 
synergistic effect between ultrasound and X rays 
can be explained by localized temperature rise and 
improved oxygenation, due to local vasodilatation 
caused by ultrasound. Kunze-Mühl (1975) reported 
results obtained with a combination of ultrasound and 
X rays on human peripheral blood im vitro. The 
aberration rate caused by high dose ultrasonic 
pretreatment was not significantly higher than that 
brought about by irradiation with X rays alone. The 
insonication of X-ray damaged cells increased the 
aberration rate significantly. The application of 
low intensity ultrasound prior to irradiation with 
X rays induced only a distinct rise in the number of 
aberrations, whereas this value was significantly 
lower in the case where insonication followed 
irradiation, as compared to X ray control values. 
Our ultrasound intensities were between the ones 
applied in their experiment: neither 0.1 nor 1.0 
W/cm? insonication resulted in a significant rise of 
aberrations. 

Regarding the results of the above-mentioned 
studies of DNA and exposures of tissue cultures we 
should be cautious, since the theoretical possibility 
that ultrasound alone or in synergism with other 
mutagenic effects may cause DNA damage cannot be 
ruled out. This calls for further i vivo studies to 
determine the limiting intensities that are regarded 
as harmless in relation to humans. The findings will 
also depend on the sensitivity of the methods used: 
the application of banding techniques is expected 
to provide more information. We suspect that 
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ultrasound is a harmless procedure in diagnostic 
practice although genetic investigations must be 
continued until we know the “safe” ultrasound levels. 
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Measurement of the early thyroid uptake of 99'T'cm 
pertechnetate complements biochemical thyroid 
function tests by providing an index of thyroid 
"trapping". This is not affected by commonly used 
antithyroid drugs so the technetium uptake per- 
formed during antithyroid drug therapy is used to 
follow progress of the underlying thyrotoxicosis. In 
addition, discordance between the thyroid tech- 
netium uptake and serum thyroxine level identifies 
cases of thyroiditis or organification defects (Marion 
et aL, 1974). We describe a method of measuring 
thyroid technetium uptake with a gamma camera 
and region-of-interest modification, which gives re- 
liable results. 

Although Atkins and Richards (1968) measured 
thyroid Tem uptake with a modification of the 
probe system used for 131] thyroid uptake, sub- 
sequent workers used quantitative rectilinear scans 
(Shimmins et al., 1968; Williams et al., 1972). More 
recently others have used a gamma camera, usually 
with a computer or multichannel analyser (Hurley 
et al., 1972; Armstrong et al., 1975; Cauwe et al., 
1976). Marion et al, (1974) using a gamma camera 
relied on a short pinhole-to-surface distance to ex- 
clude most non-thyroidal neck activity. This method 
introduces problems with respect to reproducibility 
owing to the pronounced effect of distance and 
thyroid size on the detector response. Wilson et al. 
(1975) used an electronic region-of-interest selector 
as well as a pinhole collimator, and by calculation 
from a lateral view corrected for attenuation but not 
for variation in pinhole-to-surface distance. Thyroid 
uptake studies with pertechnetate were performed 
on patients referred to this department for thyroid 
investigations. About 186 MBq (5 mCi) of 9°Tcm — 
sodium pertechnetate was injected intravenously. A 
Pho Gamma IH (Searle radiographics) gamma cam- 
era with a low energy parallel hole collimator was 
fitted with an electronic region-of-interest attach- 
ment constructed in the department. This was used 
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to define a rectangular region of interest encompas- 
sing the thy roid. Fifteen minutes after injection the 
count rate in the region of interest was recorded 
from a ratemeter using a ten-second time constant. 
Within five minutes a ratemeter reading was taken 
from a reference consisting of 10°, of the injected 
dose in a standard Lucite ORINS neck phantom 
(Brucer, 1959) at the same collimator-to-surface dis- 
tance, usually 7 to 10 cm. If necessary the size of the 
region of interest was increased to encompass the 
standard source. No attempt was made to subtract 
extra-thyroidal neck activity. 

Electronic region-of-interest selectors are readily 
available, if not standard or optional features of 
most modern gamma cameras, whereas on-line com- 
puters are less generally available. 'T'o overcome the 
problem of region-of-interest selection without a 
computer, Marion et al. (1974) used a pinhole colli- 
mator with a short skin-to-collimator distance, This 
introduces a large error with minor variations in 
distance (Fig. 1). Armstrong et al. (1975) and Hurley 
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TABLE I 
FiFTEEN-MINUTE 9?'T'C? THYROID UPTAKE 





Diagnosis by independent criteria 





Hypothyroid  Euthyroid Hyperthyroid 
Number 9 27 18 
Mean up- 
take (%) 0.9 2.2 9.9 
Standard 
deviation 0.52 0.68 6.5 





Euthyroid 68%, confidence limits 1.5-2 
Euthyroid 95%, confidence limits 0.8-3 


8 
a 

et al, (1972) have shown that it also causes diminish- 
ing sensitivity to a uniform plane source towards the 
periphery of the camera field which requires a 
further correction. Failure to do this could be a 
factor in the low or normal thyroid 99'Tcm uptakes 
observed by Marion et al. (1974) in large toxic multi- 
nodular goitres. 

Armstrong et al. (1975) showed that calculating 
background from adjacent areas of the neck gave, if 
anything, less accurate results than subtracting a 
constant fraction of the dose. Elimination of this 
step should therefore merely give a correspondingly 
higher normal range. Use of the parallel-hole colli- 
mator with a region-of-interest selector markedly re- 
duces instrument-related sources of error in mea- 
suring thyroid 99'Tc uptake, and in our experience 
provides a convenient reliable system for routine 
thyroid assessment. Table I gives our results for the 


uptake of 99'T'e at 15 minutes in hypothyroid, eu- 
thyroid and hyperthyroid patients. 
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ABSTRACT 

Àn experimental technique is described to measure the 
accumulation of 99"Tc".stannous-ethane-T-hydroxy-1, 1- 
diphosphonate (9*"Tc"-EHDP) in the canine tibia. The 
method involves infusion at a constant rate of known 
amounts of *"'T'c" EHDP into the nutrient artery supplying 
the tibial bone. The accumulation of the diphosphonate in 
bone is measured by an external sodium iodide, Nal (TI), 
scintillation detector. Results are presented showing that 
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for small amounts of ?"Tc"-EHDP (0.004-0.300 mg per 
hour) the accumulation is a nearly linear function with time 
for 60 minutes, after which the uptake may become variable 
with either a plateau formation or considerable fluctuation 
of activity. 


A number of studies have been made concerning the 
relationship between blood flow and bone uptake of 
a bone-seeking radionuclide, Copp and Shim (1965), 
Van Dyke et al. (1965), Kane (1968), Wootton (1974), 
Tothill and McCormick (1975) and Hughes ef al. 
(1977). Standard methods of estimating bone blood 
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Scintitiation counter 





Infusion pump 


Fic. 1. 
Diagram of the experimental model showing the hind leg of 
the dog with the electromagnetic flow probe around the 
femoral artery, the catheter which has been passed retro- 
gradelv into the anterior tibial artery and attached to the 
infusion pump, and the scintillation counter over the 
infused tibia. 


flow may use measurements of blood concentrations 
of the tracer, a determination of the bone tracer 
uptake per unit mass, and the assumption of 100°, 
tracer extraction or the use of an extraction ratio. 
Such extraction ratios, r.e, the amount extracted at 
one passage through bone or over short intervals of 
time have been determined for a number of nuclides 
including 958r, !8F and 99Tcm.labelled phosphate 
compounds. 

The present technique using an infusion at a 
constant rate of known amounts of 99"Tcm-EHDP 
into the tibial nutrient artery allows the inflow of this 
agent to be studied over relatively long time periods. 


MATERIALS AND METHODS 
Experimental procedure 

A diagram of the experimental model is shown in 
Fig. 1. Nine greyhound dogs weighing between 21 
and 35 kg were anaesthetized with intravenous 
thiopentone and pentobarbitone sodium (30 mg per 
kg) Endotracheal intubation was carried out and 
the dogs kept warm throughout the experimental 
period. 

An antero-lateral approach was used to expose, 
isolate and retrogradely cannulate the anterior tibial 
artery using polyethylene tubing (internal diameter 
of 0.58 mm). The nutrient artery to the tibia arises 
as a branch from the anterior tibial artery at a point 
about 7 cm inferior to the joint space of the knee, on 
the lateral aspect of the tibia and anterior to the 
interosseous membrane. From this point it runs 
close to the lateral and posterior surfaces applied to 
the tibial periosteum and enters the nutrient foramen 
which runs obliquely in the cortex. 
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The catheter was advanced so that its tip lay at the 
origin of the nutrient artery and the ligature was 
tied a little below this point. 'T'he position of the tip 
of the catheter was checked by fine detail angio- 
graphy using a slow infusion of contrast medium. A 
careful inspection was made for intramuscular 
branches around the region of the nutrient artery 
and these were tied off at their points of origin from 
the anterior tibial artery (Fig. 2). Initially femoral 
blood flow was monitored in five dogs using an 
electromagnetic flow probe and this remained 
constant during the experimental period. 


Tem- EH DP infusate 

The infusate was prepared by addition of 5 ml 
free 9*T'cm-pertechnetate solution, eluted from a 
99M o column and containing the required amount of 
radioactivity, to a mixture of 5 mg EHDP and | mg 
SnCls.2H30. The mixture was agitated vigorously 
for two minutes to ensure complete and uniform 
labelling and a further 100-fold dilution in normal 
saline was carried out prior to start of infusion. The 
effect of 1: 100-fold dilution on the stability of the 
preparation was pre-tested in rabbits, and no 
significant difference in bone uptake was found even 
after storage of the preparation at room temperature 
for two hours before injection. The amounts of 
EHDP ranged from 0.004 to 0.300 mg per hour and 
this was delivered by a constant rate infusion pump 
over a period varying from one to five hours, The 
total volumes of infusate ranged from 2 to 10 ml. 
The amounts of EHDP used are comparable to that 
which would be deposited in a tibia during a clinical 
study-—estimated at 0.25 mg. 


External counting 

The basic counting equipment consisted of a 
4.5 cem x 5 em Nal(TI) crystal scintillation detector, 
the output of which was fed to a scaler-ratemeter 
unit. The detector was clamped in an adjustable, 
counterbalanced holder and placed in contact with 
the tibial bone. The straight bore collimator with 
1.5 cm thick lead walls had an aperture of 5 cm and 
extended a distance of 11.5 cm from the face of the 
crystal. 

99Tcm.EHDP was administered as a continuous 
infusion and the fluctuations of radioactivity in the 
field "seen" by the detector were recorded as a 
function of time. 


Soft tissue and recirculation corrections 

A small proportion of the pulses recorded at each 
measurement was due to plasma and soft tissue 
lying in the field of view of the detector. The 
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(a) Bolus injection of radiographic contrast showing filling of the tibial nutrient artery, muscular branches and retrogr 
filling of the anterior tibial artery. 


(B) Trickle injection of radiographic contrast showing filling of the nutrient artery and a muscular branch of anterior tibi»l 
artery. 
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Graphs showing the accumulation of Tc™-EHDP ex- 
pressed as a percentage of the 60-minute value against time. 


contribution was estimated at the end of infusion by 
taking a blood sample and probe measurement both 
before and at 5 min. after injection of 99Tcm. 
pertechnetate thus causing a known change in 
plasma levels. The change in probe measurements 
over the tibial region ranged from 1 to 39/ and this 
correction was applied to the appropriate time- 
activity curve, 

The contribution from recirculating 9Tcm- 
EHDP was assessed by measuring the activity over a 
corresponding region of the non-cannulated contra- 
lateral tibia at the end of the infusion period. The 
same probe and a similar geometry was used as for 
the infused tibia. The activity was invariably found 
to be less than 1°, that of the infused bone, 


ResuLTS 

In all nine experiments with selective infusion into 
the nutrient artery the activity in bone increased, 
commencing as a linear function, but in the majority 
of experiments showing some diminution of the 
extraction rates during the latter part of the 60 
minute period (Fig. 3). Beyond 60 minutes the 
behaviour of 99Tcn-EHDP accumulated in the bone 
varied in some experiments showing either a plateau 
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Graph of one experiment showing the accumulation of 
9"Tc" EHDP in the dog tibia over a period of five hours. 


formation or considerable fluctuations in activity. In 
one experiment, however, the linear extraction was 
maintained for five hours (Fig. 4). 


DiscussioN 

The purpose of this paper is to present a simple 
technique which allows selective infusion of known 
amounts of bone seeking radionuclide into the 
tibial nutrient artery of the dog. The procedure of 
isolating the nutrient artery is not new having been 
used by a number of workers. The method of retro- 
grade cannulation described here has the advantage 
of maintaining normal nutrient flow to the bone. 
This therefore allows a study of changing levels of 
bone seeking radionuclides over relatively long 
intervals of time in contrast to previous studies in 
which extraction ratios have been determined 
following bolus or short infusions and this may have 
a relevance to studies in patients undergoing bone 
scanning. 

The data presented suggests that under the 
presumed stable conditions of bone blood flow, 
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extraction remains approximately linear for 60 
minutes, slight diminution in the ratio being seen 
during the latter part of this time. Beyond this point, 
inflow may show either plateau formation or become 
erratic. This latter behaviour was not dose dependent 
within the limits used, and therefore does not appear 
to be a saturation phenomenon. However, it is 
possible that much larger amounts of EHDP might 
indeed show this phenomenon. It may of course 
reflect a biological deterioration in the preparation 
although this seems unlikely, and no evidence for 
this was observed at the time. Again time related 
chemical changes in 9°Tc™-EHDP complexes seem 
improbable due to variations in time between the 
preparation of the radiopharmaceutical to the 
observed plateau effect. 

A hypothesis could be offered to explain these 
observations of a tissue-space of limited capacity 
which might be 'filled"; that is, the inflow con- 
centration and tissue-space concentration equalize. 
This equilibrium may be unstable and result in 
fluctuations of tracer level observed. Such a hy- 
pothesis would mean that the initial extraction ratio 
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of tracer and the accumulation of tracer in bone are 
not necessarily the same rate controlled processes. 
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Ultrasonic diagnosis of haematocervix following cone biopsy of the cervix 


By M. Konstantoulas, M.D. 


Coventry Maternity Hospital, Clifford Bridge Road, Walsgrave, Coventry CV22DX 


Haematocervix is a rare condition in which the cervix 
is dilated and the endocervical canal is filled with 
blood. Jeffcoate (1967) described a case of haemato- 
cervix in a patient with vaginal atresia. Clark et al. 
(1973) described two cases of haematocervix follow- 
ing cone biopsy and dealt with by total abdominal 
Recently 
biopsy has been seen in our hospital, diagnosed with 


hysterectomy one case following cone 


ultrasonography. This to our knowledge is the only 
one reported in the literature 


Case REPORT 

\ para lI patient, aged 30, had knife cone biopsy of the 
cervix in January, 1976 for carcinoma in situ, diagnosed dur- 
ing routine cervical cytological examination. Four haemo- 
static sutures were applied to the cervix. No curettings were 
»btained and the histology report showed carcinoma in situ 
with no glandular penetration or stromal invasion 

Post-operative condition was uneventful and the patient 
vas discharged home with an appointment for out-patient 
cytological follow ups 

In the following six months, she was seen on four occa- 
sions in the out-patients department. Cervical cytological 
examinations were negative, but the patient mentioned that 
she never had a period. Vaginal examinations showed no 
ibnormalities and two pregnancy tests were negative. 

In October, 1976 she was admitted as an emergency with 
lower abdominal pain, backache and vomiting of ten days 
duration. There was tenderness in the hypogastrium and on 

aginal examination the cervix was found healthy and the os 
The uterus was enlarged, corresponding to eight 
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Fic. 1 


Longitudinal scan at the midline, showing the presence of 
Also note a slightly enlarged uterine cavity 
(haematometra) 


haematocervix 
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to ten weeks of pregnancy. Both ovaries were normal. Haema- 
tological and biochemical investigations were normal 
Pregnancy test was negative. 

At this stage we were asked to perform an exploratory 
ultrasonic scanning examination, and we found that: (a) the 
cervix was enlarged twice the size of the uterine body; (b) the 
uterine cavity was also slightly enlarged; (c) normal endo- 
metrium (Figs. 1 and 2). 

These ultrasonic findings, in conjunction with the history 
and the fact that the patient experienced dysmenorrhoea- 
tvpe pains, although the menstrual periods were absent for 
the last ten months, established the diagnosis of haemato- 
cervix with a degree of haematometra 

Dilatation of the cervix was performed and 150 ml of 
chocolate coloured blood was obtained. 

Four months later she was well with normal and regular 
periods 


COMMENT 

Complications of cone biopsy of the cervix can be 
immediate, such as haemorrhage; or later, such as 
stenosis of the cervical canal, stenosis of the external 
cervical os, dysmenorrhoea. 

Howkins (1968) suggested a slight increase in the 
incidence of abortion in subsequent pregnancies, but 
McVicar and Willocks (1968) could not confirm 
such a finding. 

We would 


every case of amenorrhoea after cone biopsy of the 


suggest ultrasonic examination for 


cervix, to exclude the presence of haematocervix. 
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Explanatory drawing of Fig. 1 
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Case report 


This complication is easily dealt with by dilatation of 
the cervical os. 
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Book review 


Manual on Radiation Protection in Hospitals and General 
Practice. Volume 4: Radiation Protection in Dentistry. By K. 
Koren and A. H. Wuehrmann, pp. 52, 1977 (jointly spon- 
sored by ILO, IAEA and WHO) (Switzerland, WHO), 
Sw.Fr.10 

This handy volume is long overdue and fills a vacuum in 
the spectrum of literature available for guidance in various 
aspects of radiation protection. Dental uses of X-radiation 
constitute an area of some paradox, consisting mostly of 
techniques in which there is virtually no hazard, but with a 
small risk of considerable hazard arising from the use of 
outmoded techniques and faulty equipment. 

In Chapter 1, p.12, a gonad dose of 200 mR is referred to 
as a high radiation dose, which is true only in the context of 
dental radiology: in fact, the maximum permissible gonad 
dose for the public at large is 500 mR per annum, and few 
patients have to undergo more than one full mouth series of 
films in a year, from which it is said that a dose of 200 mR 
can be received when little care is taken. The danger is that 
by occasioning unnecessary alarm to the patient one may 
cause more harm than good, in view of the relatively small 
doses involved. 

'The reviewer was surprised to read that the authors find it 
appropriate to recommend a filtration different to that recom- 
mended by the ICRP for voltages between 70 and 100 kV. 
'The use of these excitation potentials must be so rare that it 
scarcely seems necessary to give a different figure, particular- 
ly as no justification is given. Synchronous motor timers are 
advocated, as well as electronic timers, although there are 
parts of the world where the mains frequency cannot be 
relied upon. On p.18, it is said that mechanical timers can be 
used provided that certain procedural modifications are 
observed, The history of failures associated with mechanical 
timers is such that their continued use cannot be advocated. 

On p.21, it is most difficult to understand the purpose of a 
very misleading diagram entitled Peak Voltages, especially as 
the 100 kVp peak is shown as being 1.58 times the height 
of the 45 kVp peak. Lower down on the same page is the 
incorrect statement that exposure rate does not always bear 


a linear relationship to tube current, which requires qualifi- 
cation. 

The handbook serves a useful and timely function in 
drawing attention to the requirements of radiation protec- 
tion in what has been in many ways a neglected area, but in 
places it preaches a council of perfection which may be 
difficult to achieve. For example, in Chapter 2, p.15, refer- 
ence is made to "a competent authority" to supervize 
matters of radiation protection which "'exists in a number of 
countries, and can be advocated for countries where it has 
not yet been established". Even for countries where an 
organization exists, it is difficult to provide a service on the 
necessary scale, because of the wide distribution of X-ray 
units in dental practices, rather than their concentration, as 
in the case of departments of radiodiagnosis. One of the most 
valuable statements in the manual occurs in Chapter 8, 
p.44: "No person having a fixed workplace should be 
located close to the X-ray machine behind a light partition 
wall." This situation certainly represents one of the three 
most hazardous situations arising in the dental use of X- 
radiation, the others arising from failure of timers and the 
now unsual practice of holding the film in the patient's 
mouth. 

À particularly useful section of the manual is Chapter 9, 
dealing with educational standards, which with reference to 
radiation protection, says that “it is highly desirable that 
operators undergo such a course even where it is not legally 
required''. 

'This handbook should be required reading for dental 
practioners who use or are responsible for the-use of X-ray 
equipment: however, it is certain that much of it will be 
difficult for the busy practitioner to absorb, and what is 
really needed is the availability of a back-up advisory 
service from the radiological protection services which exist 
in many large cities throughout the world. Future editions 
of the manual might include a list of addresses from which 
advice and practical help might be obtained. 


D. GIFFORD 
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“Tan Eprror-—Sir, 
EXPERIENCE WITH AN AUTOMATIC IsaposeE PLOTTER 

We have recently completed comprehensive beam 
measurements on three teletherapy machines, an SL75-10 
Linear Accelerator, an F100 Mobaltron Cobalt unit and an 
A.E.C.L. Theratron, The S.H.M. 3-D plotting tank system* 
íPitmans Ltd.) was used under the control of a PDP-8 
system with extended hardware (DEC Ltd.). The control- 
hng program was a modified version of that used at the 
Western General Hospital, Edinburgh for the determination 
of dose distributions for their planning programs (Bottrill 
et al, 1975; Redpath et aL, 1976). The S.H.M. tank 
may also be used as a stand-alone analogue system with its 
own plotter; both diode detectors and ionization chambers 
are available. Our measurements concentrated on the use of 
the ionization chambers which showed significant polarity 
effects. As several of these systems are now available in the 
U,K., readers may find some comments on this and other 
problems helpful. 

The dimensions of the tank (approximately 50 x 55 x 45 
cm) are sufficient to allow large beams to be measured at 
standard and extended SSD. When filled with water, how- 
ever, its large size and weight make it very unwieldy, and a 
special trolley on which it could be positioned and remain 
during measurement would make set-up very much easier, 
and avoid undue strain on treatment couches and on the 
tank itself, Several distortions had arisen during its year of 
service, probably due to handling problems; in particular, 
the lateral motion was not parallel to the front face. When 
these had been corrected, a slate base was made on which to 
slide the tank on and off couches and no further problems 
due to distortions arose. 

It is a design feature of the S.H.M. drive that it can be 
connected to an existing incremental plotter interface which 
forms part of the RADS system. We used our local call 
system wiring to connect the drive unit to the interface, and 
chamber positioning was accurate to ~0.5 mm in all three 
directions, except when the carriage was near the end of its 
travel in the z-direction and close to the water surface, when 
significant backlash was noted. This meant that side-wall 
entry was employed for measurements on each of our 
machines and necessitated making an adaptor for the detec- 
tor holder to reduce the minimum obtainable distance 
between chamber centre and front face to 1.3 cm. For 
measurements on the two cobalt machines, signal levels at 
this minimum obtainable depth were extrapolated back to 
the depth of maximum build-up, namely 0.5 cm. 

Detector signals were carried via coaxial cables to the 
analogue-to-digital converters of the computer. The signal 
sampling frequency was approximately 1000 per sec and it 
was possible to vary the pulse repetition frequency of the 
linear accelerator between 50 and 400 pps without affecting 
the results. Some electrical interference was observed but at 
a negligible level, and there was no loss in signal levels over 
the lengths of cable used which were at most 60 m. 

Measurements were at first confined to central axis depth- 
dose data. These were compared with results taken using a 
Farmer-Baldwin meter with a standard chamber and also a 
chamber of local design. Systematic discrepancies were ob- 
served which increased with decreasing local dose rate. For a 
10 x 10 em plain field on the linear accelerator with an out- 
put of 4 Gy/min the discrepancy was 1% of the maximum 
dose rate at the 20%, depth dose level, For a heavily wedged 








The plotting tank, now manufacturcd by EMI Therapy 
Systems Inc., Sunnyvale, California, is available in the UK. 
from EMI Medical Ltd., Windsor House, Albert Street, 
Slough, Bucks. 
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10x 10 cm 8Co field with an output of 0.3 Gy/min the 
discrepancy had risen to 2-3% of the maximum at the 20% 
level. These results were consistent with a constant offset in 
the new measurements but signal levels from the amplifiers 
with the beam off were very small and fine trimming did 
not affect the measured values. The results were not affected 
by altering the magnitude of the collector potential on the 
ionization chamber between 150 and 400 volts. Stem effects 
were found to be negligibly small if the cables to the detec- 
tors were arranged so that a minimum length was directly 
exposed to the beam. 

Equal and opposite discrepancies were then observed on 
reversing the polarity of the collecting voltage and, by 
averaging normalized data for the two polarities, we obtained 
depth dose values within 0.5% of previous measurements, 
for depths less than 25 cm and within 1%, for depths greater 
than 25 cm. Preliminary measurements with the diode 
detectors also suggested discrepancies of a similar magnitude, 
and we decided to measure all our fields at both polarities 
using the ionization chambers. In future, we would choose 
to store unnormalized data as the averaging of normalized 
data is not strictly correct and, in addition, the raw data 
would allow a much fuller analysis of system performance 
and output characteristics. Data collection times per field 
for each polarity for a central axis depth dose scan and five 
profiles varied from 4 to 10 min. depending on dose rate, 
and, consequently, long measurement sessions were needed. 
Time could be saved in future without losing accuracy by 
allowing the sample number at each point of interest to vary 
inversely with the local dose rate. 

We found the measurement programme rewarding but 
time consuming, and potential users should expect to take 
some time for familiarization. When the svstem is shared, 
it seems wise to allow a short review period for preliminary 
checks on the data before release of the tank. 

We would like to express our gratitude to Mr. D. J. 
Kidney for kindly allowing us to make use of the plotting 
tank system purchased by the D.H.S.S., and to Dr. Bruce 
Vickery for his assistance in implementing the software. We 
shall be happy to try to answer any queries from future users. 

Yours, etc., 
B. A. WYLIE, 
G. T. Morr, 
F. R. HUDSON, 
D. M. THOMSON. 

Department of Physics, 

Mount Vernon Hospital, 

Northwood, 

Middlesex. 
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THe Eprror—Sir, 
STATEMENTS OF THE M.R.C. Isotope PANEL 

‘Two statements published by the former M.R.C. Isotope 
Panel in THe BrrrisH JournaL or RapioLocy (Ellis et al., 
1977a and b) give rise to the most serious concern. Both 
statements contain a number of factual errors. The wording 
of both is such that established fact cannot be distinguished 
from opinion, in some cases highly controversial opinion. 


January 1978 


Correspondence 


Recommendations are given which in our view cannot be 
supported by the available evidence, and which could, in 
certain circumstances, be detrimental to patients under our 
care. 

'The remit of the first working party was to study the 
implementation of the “ten-day rule" in radioisotope in- 
vestigations. They do not appear to have considered at all 
whether or not a "ten-day rule” is desirable in radioisotope 
investigations. The available evidence is open to more than 
one interpretation, and a widely held view is that irradiation 
of the unfertilized ovum is as dangerous as irradiation of the 
early embryo or fetus (Graham et al., 1966; Brown et al., 
1976). If this view is upheld it would be illogical to adopt a 
"ten-day rule" unless it were accompanied by a recom- 
mendation to patients that they should not become pregnant 
for a period which allowed radiation damage to have an 
opportunity to repair. This problem is clearly amenable to 
direct investigation by radiobiological techniques. It would 
seem premature to offer advice in the absence of experimen- 
tal or epidemiological evidence on the matter. It is worth 
noting that no case of congenital abnormality has ever been 
implicated from a diagnostic investigation with radio- 
isotopes. 

Ín any individual case it is necessary to balance the 
danger to the patient of proceeding with any investigation, 
against the benefit of acquiring the resulting information. 
In many situations it may be argued that if the information 
is required at all, it must be obtained as soon as possible. 
In any individual case the judgement is purely clinical. 
Certainly an arbitrary rule—such as the “ten-day rule"—is 
of no assistance in making the decision. Factors which 
influence the clinician are of course not only irradiation to a 
fetus. 

An even more difficult problem is the case of patients of 
child-bearing age who have received long half-life radio- 
isotopes such as Selenomethionine. It is inappropriate to 
apply a “ten-day rule” to the safe isotopes and not to the 
more dangerous ones. To say that the “ten-day rule" cannot 
be applied to these latter patients is merely to abrogate 
responsibility. 

The table of typical administrations bears little resem- 
blance to current practice. In fact a table such as this could 
not be of any use unless it contained many qualifications. 
T'he dose to be administered depends on the purpose for 
which the investigation is being performed, the size of the 
patient and the detecting equipment being used. Thus a 
dose of 50 pCi of chromium-51 would be inadequate to 
measure red cell sequestration in the spleen, but is adequate 
for the measurement of red cell volume. Similar qualifi- 
cations can be made to almost every item mentioned in the 
list. Administration of quantities which are too small to 
obtain reliable diagnostic information would involve un- 
necessary irradiation to a patient to no useful purpose. We 
believe the working party have done a disservice by pub- 
lishing this table. 

'The paper on the use of throid blocking agents is also 
unsatisfactory. The recommendation that 50-100 mg of 
potassium perchlorate should be given intravenously to 
patients receiving more than 5 mCi of ''c-labelled pharma- 
ceuticals requires comment. Potassium perchlorate is one 
of the less soluble salts of potassium. The dangers of oral 
administration of certain poorly soluble potassium prepara- 
tions have been emphasized (Delaney and Hoxworth, 1968; 
Ben-Ishay and Engelman, 1973). 'The intravenous admini- 
stration of this quantity of potassium can induce fatal 
cardiac arrhythmias. Consequently the sodium salt is used. 
However, the need to give a thyroid blocking agent at all 
to patients, other than those receiving pertechnetate, is 
highly questionable. No doubt the recommendation for 
giving thyroid blocking agents arises from experience in 
laboratories making up their own preparations in the absence 
of proper quality control when high quantities of free 
pertechnetate may be found. The majority of laboratories 
today useproper pharmaceutical quality control methods and/ 
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or commercial preparations which are of high quality, and in- 
advertent thyroid uptake is rarely seen. It is questionable 
whether the very small risk of an occasional unrecognized 
thyroid dose justifies the routine administration of dangerous 
drugs such as sodium perchlorate or potassium iodide. 
It is certainly the view of this Society that the routine use 
of these agents is difficult to justify. 
We regret that we are unable to accept the two reports in 
their present form. 
Yours etc., 
D, N. CROFT, 
M. N. MAISEY. 
President and Secretary for the Couneil 
British Nuclear Medicine Society, 
1 Wimpole Street, 
London W1 M 8AE. 
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THe EDITOR— SIR, 
APPLICABILITY OF THE ‘“TEN-DAY RULE” TO 
RADIOPHARMACEUTICAL. INVESTIGATIONS 

Dr. Osborn (1977) has given us a timely reminder that the 
“ten-day rule” has its origin in ICRP recommendations 
(1966) the intention of which was that the dose to a fetus 
should not normally exceed 1 rem. I have myself previously 
pointed out (Sear, 1974) that there is, on that basis, no 
reason to apply the “ten-day rule" to the great majority of 
patients undergoing diagnostic procedures with radio- 
pharmaceuticals. This conclusion, however, conflicts with 
the recommendation of the MRC Isotope Advisory Panel 
(Tue BRITISH JOURNAL or RAptorocv, 1977) that the “ten-day 
rule" should be applied whenever the gonad dose may exceed 
50 mrad. This level is said to be chosen as corresponding to 
the limit of dose to the total body in the WHO/IAEA 
category 1 as defined in their 1973 report on the use of 
radioactive materials on human beings for medical research. 
As indicated in the abstract of that WHO/IAEA report 
circulated to BIR members (BIR Bulletin, 1975), this 
amount of radiation is no more than a subject might receive 
if, for instance, he moved from one house to another. ‘This is 
not a suitable criterion for the application of the “ten-day 
rule". The WHO/IAEA category 2 would be more appro- 
priate. This permits a whole body dose of up to 0.5 rem 
which is in the category of doses permitted by the ICRP to 
individual members of the public who form only a small part 
of the whole population, as well as being the same order as 
the dose permitted to a fetus. 
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The great majority of diagnostic procedures now utilize 
compounds labelled with technetium 99m for which the 
gonad dose is typically in the range 100 to 200 mrad. The 
consequence of employing a criterion at least ten times as 
severe as that originally recommended by the ICRP would 
be that the "ten-day rule" would have to be applied to the 
majority of patients undergoing these investigations. 

No one would deny the need to apply proper precautions 
in the best interest of patients so as to avoid undesirable 
radiation exposure. However, the criteria used should 
represent a sensible balance between relative risks and 
benefits. This is especially true of the ‘ten-day rule” which 
is very awkward to apply in practice. So far no evidence has 
been presented which would justify the MRC Isotope 
Advisory Panel's recommended much severer criterion for 
the application of the "ten-day rule’’ than that originally 
envisaged by the ICRP. 

Yours, etc. 


R. Sear. 
Radioisotope Department, 
"The London Hospital, 
Whitechapel, London E1 1BB 
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"Tug Eprror---Sir, 
INTERFACE DosiMETRY 

'The study of an article in the March 1966 issue of this 
Journal (Dutreix and Bernard, 1966) has brought to light an 
error of translation that appears to have gone unnoticed. 

Effectively the article summarizes in. English work on 
interface dosimetry carried out at the Institut G. Roussy, 
Villejuif, France, and previously published in French in a 
number of articles, viz: Dutreix et al. (1962), Dutreix et al. 
(19643, and Dutreix and Bernard (1965). 

Briefly, the authors made ionization measurements in the 
vicinity of a carbon/metal interface irradiated by y rays 
from "*Co and X rays in the energy range 10 MV to 20 
MV, ‘These measurements made possible the determina- 
tion of the dose absorbed by a water equivalent medium 
(carbon) in contact with a body of higher atomic number. It 
was found that in the neighbourhood of the interface there 
was an extremely rapid variation of dose, characterized by 
the occurrence of peaks ata distance of 20-40 mg/cm? behind 
the interface. These distributions were represented graphic- 
ally; the ordinate axis was labelled the ratio of ionization 
in material Z to the ionization in carbon in the region where 
electronic equilibrium is established — U/Uc in the originals. 
One of these plots was reprinted in Dutreix and Bernard 
(1965) Fig. 1, p. 206), the only difference being that the 
ordinate axis was now labelled the ratio of absorbed dose in 
material Z to absorbed dose in water in electronic equilib- 
rium conditions—D/ De. The assumption was made, there- 
fore, that U/Ue= Dj De. I have found reproductions of this 
selfsame graph in two other publications, viz: Burlin et al. 
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(1973) and Spiers (1969). Both label the ordinate axis ratio 
of absorbed dose rather than ratio of ionization produced. 

Now under equilibrium conditions the ratio of absorbed 
dose in copper to absorbed dose in carbon is equal to the 
ratio of the mass energy absorption coefficients for the par- 
ticular photon energy considered. In the case of y rays from 
$9Co this ratio is equal to 0.92, using data obtained from 
Knipe (1975). 'This signifies that under equilibrium con- 
ditions the absorbed dose in the carbon is slightly greater 
than the absorbed dose in the copper. However, the graphs 
with relabelled ordinate axes predict this same ratio to be 
1.46, i.e. they predict that under electronic equilibrium the 
absorbed dose in copper is 1.46 times the absorbed dose in 
carbon. 

Now, one of the aims of Dutreix and Bernard's article 
(1966) is to investigate the underdosage and overdosage of 
tissue in the transition zone between tissue and a metal sur- 
face. The mistake is therefore nota trivial one. 

The following shows how the discrepancy can be resolved: 








mSz 

D,—RkRU —rad 1 

E mSair (0 

where D, = absorbed dose in a volume element of material 

U = ionization produced in the air ionization 

chamber 

k conversion factor for absorbed dose in air, 
rad/R — 0.869 

msz .. Mass stopping power ratio of material Z 
mSair relative to air. 


Dutreix et al. (1962) found that for y rays from ®Co and 
for the situation studied, the mean energy of the electrons 
which form the electron flux in the equilibrium state is of the 
order of 10 keV. Thus the ratio of the mass stopping powers 
should be calculated for a mean electron energy of 10 keV. 
ICRU Handbook 78 (1959) gives (table 8.6) stopping power 
ratios for Co y rays as 1.02 and 0.68-0.75 for C/air, Cu/air 
respectively. Dutreix and Bernard found experimentally that 
the ratio of ionization in carbon to that in copper under 
equilibrium conditions is 0.69. Using equation (1) and the 
stopping power ratios quoted, the ratio of absorbed dose in 
the carbon to that in the copper under equilibrium condi- 
tions is 0.97. This agrees well with the predicted value of 
0.92 found from the ratio of the mass energy absorption 
coefficients. 

It is to be hoped that future reproductions of the results of 
Dutreix et al., will not contain this error. 

Yours, etc., 
D. Lowe. 

Department of Nuclear Science and Technology, 
Royal Naval Colege, 
Greenwich, London SE10. 
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THe EDITOR—SIR, 
NOMENCLATURE IN SCANNING INVESTIGATION 

Since radioisotope (or radionuclide !) investigations are no 
longer unique in having a “scanning” procedure, the term 
has now become ambiguous. In-patients who have left the 
ward “to go for a scan" are becoming increasingly difficult 
to trace. In Aberdeen there are separate locations for gamma 
camera studies, rectilinear scanning, in vivo uptake tests 
and whole body counting, ultrasonic and thermographic 
studies, and X-ray cerebral scanning (EMI scanner). While 
the efficiency of having one word for one investigation is 
admirable, we really ought to be qualifying the word 
“scan” as a routine or else abandoning it altogether. Since 
there is little hope of abandoning it, the simplest solution is 
for the people who perfórm the investigations to be more 
specific in their terminology and make the effort of saying 
radioisotope scan, X-ray scan, ultrasound scan or thermal 
scan. Within each category again simple but specific termi- 
nology would keep everyone informed for example, with 
radioisotope scans there are conventional views and tomo- 
graphic or section views. The important thing is to estab- 
lish a working terminology which everyone in the hospital 
will understand and use in the interest of the patient. 


There has been correspondence in these columns recently 
about this topic (Farmer, 1976; Nicholson, 1976; Davies, 
1977; Isherwood, 1977) but written from the rather different 
viewpoint of finding a name to describe and distinguish 
between X-ray transmission section scans, and radioisotope 
emission section scans. It seems to us that the problem is 
really much wider than this. Confusion may be caused by 
names based on initials (for example, TCAT and ECAT for 
transmission and emission computerized axial tomographs) 
which are only really understood by the "inner clique"; or 
new uses of the classical languages, which are often obscure 
to the uninitiated (e.g. zeugmatography for nuclear magnetic 
resonance imaging); or upon commercial names (e.g. EMI 
scan) which will not apply in a hospital with a machine of 
another manufacturer. It would be better to concentrate on 
combinations of commonly used and accepted names of any 
reasonable origin. 'This is more likely to be acceptable and 
come into common parlance, thereby clarifying the con- 
fusion. 

Yours, etc., 
W. I KEYES, 
J. R. MALLARD. 
Department of Medical Physics, 
University of Aberdeen, 
Foresterhill, Aberdeen AB9 2ZD 
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OPENING ADDRESS 
HIGH TECHNOLOGY-—LUXURY OR NECESSITY? 


By Sir Douglas Black 


This is a time of scientific self-doubt, sometimes quite 
unwarranted. Victorian pride in the achievements of science 
and technology has given place to concern about future 
sources of energy and industrial pollution of the environ- 
ment. The real impact of science on medicine came somewhat 
later, with the discovery of X-rays at the turn of the century, 
the control of diabetes and pernicious anaemia, and the 
elaboration of antibiotics representing notable mile-stones; 
but reaction has already set in, with criticism of modern 
medicine in general and of high ‘technology’ in particular. 

The value of modern medicine has been questioned by 
exponents of social medicine, and the traditional role of the 
doctor in society has been subjected to analysis by sociolo- 
gists. There is of course some substance in each of these 
criticisms, otherwise they would scarcely have been made by 
serious professionals. McKeown et al., (1975) are right in 
drawing attention to the preponderant role of public health 
measures in improving the expectation of life in modern 
society, and Cochrane (1972) makes substantial criticisms of 
the effectiveness and efficiency of current medical practice. 
Similarly, sociologists find just grounds for concern in the 
more authoritarian aspects of medical practice and in the 
lack of adequate communication between a doctor and his 
patients, whom they describe, not altogether happily, as 
‘clients’, At a more popular level, [lich (1975) has mounted 
a radical attack on medical professionalism as a means of 
combating ill-health, urging people towards self-reliance 
and acceptance of life’s catastrophes such as pain and death. 

With the possible exception of Ivan Illich, none of these 
critics advocates the wholesale dismantling of professional 
medicine; the thrust of their arguments is more limited, in 
the direction of stressing the community rather than the 
hospital, and emphasising the role of the patient rather than 
that of the doctor. In their more extreme statements they 
seem to overlook the element of common interest in these 
relationships. It is surely no little benefit to a community to 
have access to good hospital practice; and there must be few 
doctors who do not wish their patients to get better, or if 
this is not possible, to feel better as a result of their inter- 
vention, though tribute must always be paid to the vis 
medicatrix naturae. 

One argument which is sometimes used by critics of 
modern medícine seems to me particularly fallacious. 'They 
point to the incongruity of advanced medical techniques in a 
third-world setting. This is fair enough-but why should the 
needs of developing countries be taken as a model for what 
is desirable in societies which are already indissolubly based 
on advanced technology in their general life-style? ‘This 
argument surely founders, if on nothing else, on the com- 
mon sense of patients who naturally seek out the best 
medical facilities available to them. On his side too it would 
be à poor doctor who would set aside any available aid in 
what is always the difficult task of doing his best for his 
patient, on the theoretical ground that it 1s not available in 
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the villages of the Ganges delta. Moreover, the gradual 
progress towards better health in the third world is itself 
science-based— could smallpox have been eradicated with- 
out vaccination, or malaria partially controlled without 
insecticides and anti-malarial drugs? The catch-phrase 
‘delivery of health care’ surely pre-supposes that there is 
something worthwhile to deliver; and whence is that to be 
derived but from greater knowledge? 


Diagnosis 

The specificity and potency of modern therapeutic agents 
serve to reinforce the proposition that treatment must be 
based on accurate diagnosis. The three pillars of diagnosis 
are history-taking, physical examination and special investi- 
gation. Naturally, their relative importance depends on the 
specific clinical problem; but in the type of practice with 
which I am familiar no one of the three can be neglected. In 
the present context, I would like to concentrate on the 
element of special investigation. 

I would suggest that so far as possible the programme of 
investigation should follow the preliminary delineation of 
the clinical problem, and not be carried out on a ‘screening’ 
basis in advance of such delineation. There may be an 
exception to thís in the area of automated chemical path- 
ology (Whitehead & Wootton, 1974), where multiple esti- 
mates can be carried out on a single sample of blood; but 
even setting aside the cost-element, there seems to me some 
risk of developing more answers than there are valid 
clinical questions. The work-load of departments of radi- 
ology and of nuclear medicine is large and increasing, which 
must surely reinforce the clinical argument that investi- 
gations in this area should be carefully selected, according to 
a plan which is clear but not to the point of rigidity, since the 
circumstances of the illness may themselves alter. 

I would also advocate a modest parsimony in investi- 
gations, because of their cost which is of two kinds. There is 
the ‘opportunity cost’, on the simple principle that if some- 
thing is done, and if facilities are not open-ended, then 
something else must be foregone. And there is the ‘human 
cost' to the patient, which is never negligible, though it can 
be lessened by adequate explanation and by the development 
of ‘non-invasive’ methods of which computer-assisted axial 
tomography is a notable example, much appreciated by 
those who have witnessed the after-effects of cerebral 
angiography or air-encephalography. 

Í would also emphasize the responsibility of investigative 
departments for self-assessment. Quality control has per- 
haps been most fully developed in laboratories of clinical 
chemistry, but the principle can be more widely extended. 
It is also important to derive measures of the 'sensitivity' of 
particular tests in a given clinical situation, based on the 
proportion of positive tests in that situation; and of their 
'specificity', based on the proportion of negative tests in 
other situations (Sackett and Holland, 1975). While quality 
control is primarily the responsibility of the investigative 
departments, the assessment of benefit calls for abora- 
tion between clinical and investigative departments. pecial- 
ization, so often the target of critics of modern medicine, is 
in fact a valuable aid in this endeavour; physicians, sur- 
geons, radiologists and laboratory workers can come to- 
gether as a team to improve the management of patients 
with disease of a particular system, to the great benefit of the 
patients. There is, of course, the danger tbat the initial 
clinical assessment may have allocated the patient's disease 
to the wrong system; but this danger can be avoided if 
specialists retain a component of generalism, either by 
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continuing to do part-time generalist work or by holding on 
to the lessons of the general professional training which they 
will all have received. 

It is worth noting that analysis of the investigative process 
does not necessarily lead to greater complexitv and cost. Asa 
concrete example that improved technology can lead to 
simplification, | would instance the replacement by reagent- 
impregnated test-papers of the side-room tests of urine 
which were cumbrous, messy, and even hazardous in 
inexperienced hands. At a more sophisticated level, study of 
the sensitivity and specificity of groups of tests, in con- 
junction with clinical probabilities, can lead to substantial 
reduction in the number of tests required to achieve a diag- 
nosis with a probability near to unity (Card, 1975). 'The 
application of these principles to patients with jaundice has 
been exemplified by Knill-Jones (1975), and to patients with 
acute abdominal symptoms by deDombal and his colleagues 


(1975). 


Conclusion 

I would take this opportunity to acknowledge, and in a 
limited way to exemplify, the debt which as a practising 
renal physician I owe to departments of radiology, and more 
recently of nuclear medicine. This help has been both 
specific, in relation to many individual patients, and general, 
in enriching our understanding of renal disease. One method 
of keeping up to date is to edit a multi-author textbook— 
after all, you have to read each chapter three times, with a 
fair degree of critical attention. In this way I have learned 
from John Hodson the diagnostic value of renal size which 
can be particularly helpful in assessing the reversibility of 
renal failure, the importance of obstructive uropathy, and 
the inferences which can be drawn from the distribution of 
atrophy within the kidney. I am currently continuing my 
post-graduate course with Kelsey Fry, assimilating the 
advances made possible by better contrast media and im- 
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Integrated diagnostic techniques, by K. E. Britton. 
Ultrasound of the liver, by L. A. Berger. 

Computed tomography of the liver, by R. A. Fawcitt. 
Radioisotope liver imaging, by V, R. McCready. 
‘The value of hepatic angiography, by J. W. Laws. 


Portovenography in liver diseases, by H. Ngan and K. P. Wong. 


Ultrasonic investigation of the pancreas, by L. A. Berger. 


proved technique, and extending it into nuclear medicine 
under the guidance of Keith Britton. 

It is therefore on a basis of some knowledge that I return 
to the question in my title and venture to affirm that, on the 
assumption that we must do all that is possible for our 
patients, high technology is no luxury but a necessity which 
it is our duty to provide. Not uncritically of course, in view 
of the cost, but with discrimination. The practice of medi- 
cine is too difficult for us to be able to neglect the sources of 
help. Nor is it possible to stand still without in fact slipping 
back; if we forswear the challenges of innovation and 
enquiry, we condemn ourselves to a stultification of practice. 
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Computed tomography in pancreatic disease, by R. A. Fawcitt, 1. Isherwood, Joan Braganza and H. T. Howat. 


Pancreatic arteriography, by D. Finlay and H. Herlinger. 
E.R.C.P. in pancreatic disease, by A. Hadfield. 


Pancreatic scanning, by H. J. Testa, Mary Prescott and Joan Braganza. 


INTEGRATED DIAGNOSTIC TECHNIQUES 
By K. E. Britton, 


Department of Nuclear Medicine and Radioisotopes 
St. Bartholomew's Hospital, West Smithfield 
London, ECT 


A diagnostic imaging clinic depends on the physical prox- 
imity of experts and apparatus; on intelligently interre- 
lating the results of different imaging techniques and 
ultimately on the development of a common waiting area, a 
common reporting station and common record keeping. The 
aim is to perform the optimal and not the maximal number 
of investigations in the appropriate order: non-invasive 
before invasive, less costly before more costly, simpler before 
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more complicated, at the same time acknowledging the 
complimentary nature of imaging tests of structure and 
function. 

The speakers were asked to discuss in what clinical 
problems of the liver and pancreas their technique provides 
useful results; in what problems their technique is un- 
rewarding; and how their particular approach relates to the 
other techniques described. In reading these abstracts it 
should be noted that each author tends to impress the value 
of his chosen method and to understate its problems. 
Furthermore, since the speakers by effort and perserveance 
have become experts in their fields, it cannot be assumed 
that such good results will be obtained routinely. It is hoped 
that a multi-imaging approach to each organ and clinical 
problem will help to rationalize investigations and form the 
basis of a diagnostic imaging clinic. 
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ULTRASOUND OF THE LIVER 
By L. A. Berger 


X-ray Department, Royal Free Hospital, London 


Ultrasound can show the portal tree in the normal, in portal 
hypertension and in portal vein thrombosis, the latter with 
an accuracy of over 95",, Normal hepatic veins can be 
displayed in right heart failure. 'The features of the Budd- 
Chiari syndrome were demonstrated. 

Dilated bile ducts are shown with an accuracy of over 
90%,. Dilation of the gallbladder and common bile duct are 
frequently demonstrated. The cause of the obstruction is 
often shown. The commonest cause of failure is where a 
small stone obstructs the common bile duct. 

Cysts of greater than 2 cm in diameter are diagnosed with 
95-98%, accuracy. Hydatid cysts show septa, disruption of 
the inner membrane and daughter cysts. A complicated 
hydatid cyst may resemble a solid tumour. A dead calcified 
cyst cannot be differentiated from other causes of calcifica- 
tion. 

Abscesses are transonic with irregular walls. The sur- 
rounding liver is abnormal. Secondaries appear as transonic 
areas, areas of low level echoes, echogenic nodules and, 
rarely, transonic lesions with a nodule. Ultrasound may also 
demonstrate a variety of primary liver tumours, regener- 
ative nodules, multi nodular hyperplasia and other lesions. 

Anatomical causes of scan defects may be shown, e.g. 
large gallbladder, markedly dilated portal vein, and thin- 
ning of the liver anterior to the spine. Extra-hepatic masses 
of the kidney or adrenal can be differentiated. 

in diffuse disease, ultrasound can demonstrate the extent 
of the disease. Ultrasound is complimentary to both isotope 
scanning and angiography. 


COMPUTED TOMOGRAPHY OF THE LIVER 
By R. A. Fawcitt 


Department of Diagnostic Radiology 
University of Manchester 


"The non-invasive technique of computed tomography (CT) 
has been assessed in 100 patients with liver disease con- 
firmed by percutaneous cholangiography, laparatomy or 
liver biopsy. Correct diagnoses were obtained from the CT 
scan in 59 cases. 

Differentiation between intra- or extra-hepatic origin was 
obtained in 21 of 23 patients with obstructive jaundice with 
the extra-hepatic obstructing agent demonstrated in 11 of 14 
patients, Hepatic metastases or extra-hepatic primary tu- 
mours were identified in six of eight patients, but in neither 
case of hepatoma was the tumour identified by C'T. 

Of 40 patients with cirrhosis, a diagnostic scan (a small 
Hver with or without splenomegaly) was seen in 18, while 
non-specific abnormalities of liver or spleen were described 
in a further 21 cases. 11 patients with chronic active hepa- 
titis presented appearances similar to those seen in the 
cirrhotic group. 

Analvsis of mean hepatic density shows significant vari- 
ations from the normal range where there is infiltration by 
iron or fat. In cirrhosis, however, the fibrotic changes are 
net evidenced by variation in mean density of the liver 
either in isolation or relative to the spleen. Spatial analysis of 
the original digital data shows that there is a significant 
difference between the mean autocorrelation function of the 
normal and cirrhotic liver at distances of the order of 1.0 
cm. This may indicate different underlying structure in the 
hepatic parenchyma. 


RADIOISOTOPE LIVER IMAGING 
By V. R. McCready 


Department of Nuclear Medicine 
Royal Marsden Hospital 
Downs Road, Sutton, Surrey 


The quality of radioisotope liver images has improved 
greatly since the advent of high resolution gamma cameras 
and technetium 99m labelled compounds. Radiopharma- 
ceuticals are now available for both static imaging and liver 
function studies. However, studies by a DHSS working 
party, using the Williams phantom which is a series of hot 
and cold areas between 0.7 cm and 4.0 cm in diameter and a 
realistic liver phantom embedded in tissue equivalent mat- 
erial, have shown that although in phantom studies lesions 
of the order of 0.5 cm can be seen in the clinical situation the 
maximum lesion likely to be detected would be about 3 cm. 
Ultrasound examinations can certainly detect much smaller 
structures. Vessels of the order of a few millimetres can be 
seen regularly. However, small metastases are often in- 
distinguishable from vascular structures. The differential 
diagnosis depends upon their position and number, so 
although the resolution of ultrasound is good the diagnosis 
of metastases often remains difficult. Often lesions which are 
visible on radio-isotope imaging cannot be seen on ultra- 
sound and vice-versa, indicating the essentially comple- 
mentary nature of the tests. 

Attempts at using radioisotope techniques to differ- 
entiate between the various causes of cold areas on radio- 
isotope colloid scans have not been very successful. Gallium 
67 ratio subtraction scans are helpful but too expensive. 
Dynamic studies are relatively unsuccessful since many 
metastases are avascular and produce an appearance simi- 
lar to cysts. 

To summarize: radioisotope imaging is easy, inexpensive 
and fast. 1t is carried out completely by the technical staff. 
In spite of relatively poor resolution it achieves a diagnostic 
rate of about 8095. The combination of ultrasound and 
radioisotope imaging is very powerful since the former 
helps in differential diagnosis and can detect lesions in- 
visible on colloid scans. 

The advent of technetium-labelled radiopharmaceuticals 
for functional studies opens up wide horizons in the use of 
isotopes to demonstrate liver physiology. 


THE VALUE OF HEPATIC ANGIOGRAPHY 
By J. W. Laws 
King's College Hospital, Denmark Hill, London, SES 


In addition to the dangers inherent in all forms of angiography, 
there are additional specific hazards in liver disease. There 
may be disturbances of the clotting mechanism due to 
prolongation of the prothrombin time or reduction in the 
platelets, and there is the serious potential danger of in- 
vasive procedures on all Australia-antigen positive patients. 
Thus non-invasive methods should be employed first and 
angiography only when there is a clear indication, in order to 
get information available in no other way. 

Portal Venography. The main indicatians are in patients 
with portal hypertension especially associated with bleeding. 
It is essential in the assessment for surgery and is proving of 
value in embolisation and thrombosis of collateral channels 
and in the treatment of bleeding varices. Splenic veno- 
graphy provides good detail and the splenic pulp pressure 
can be measured at the same time but this procedure may be 
inconclusive if there is a massive shunt. It is contra-indi- 
cated when there ts a bleeding tendency. For this reason, 
aorto-portography is being used increasingly but the detail 
obtained is rather less satisfactory. 
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Hepatic Venography. 'The main indication for this pro- 
cedure is in the suspected Budd Chiari syndrome. Although 
the isotope scan may be characteristic, showing uptake only 
in the caudate lobe, angiography is necessary in order to 
demonstrate the underlying cause. 'This may be secondary to 
an underlying thrombotic tendency, to a tumour in the liver 
or to a web in the inferior vena cava obstructing the hepatic 
veins. 

Hepatic Arteriography. The main indications are in the 
investigation of tumours and other masses in order to 
provide evidence of their localization, extent and blood 
supply. This is important in the pre-operative assessment of 
such patients. It is also of value in patients in whom ultra- 
sound and isotope scans are at variance or equivocal. 
Hepatic angiography has undoubted value in the manage- 
ment of patients with liver trauma and haemobilia. 


SUMMARY 

So far as diagnosis is concerned, the indications for 
angiography in hepatic tumours are inversely proportional 
to the availability and accuracy of ultrasound, isotope and 
C.T. scans. On the other hand, hepatic angiography is 
essential in the pre-operative assessment of patients with 
hepatic tumour, trauma or haemobilia, and is proving of 
value therapeutically by embolization of hepatic tumours or 
hepatic artery aneurysm. 





PORTOVENOGRAPHY IN LIVER DISEASE 
By H. Ngan and K. P. Wong 


Institute of Radiology and Oncology 
Queen Mary Hospital, Hong Kong 


'The technique, indications and complications of percu- 
taneous splenoportovenography were described. Because of 
the limitations and danger associated with this procedure, 
the technique of Tolazoline—enhanced arterial portoveno- 
graphy was performed on 40 patients with liver diseases to 
assess the degree of opacification of the portal vein and 
branches. In this technique 30-40 mg of Tolazoline was 
injected selectively into the superior mesenteric artery, 
followed 45 seconds later by an injection of the contrast 
medium. In five patients, contrast medium was simul- 
taneously injected selectively into the coeliac axis as well as 
the superior mesenteric artery. Opacification of the portal 
vein and intra-hepatic branches was good in 12 patients, 
satisfactory in 23 and poor in five. 


ULTRASONIC INVESTIGATION OF THE PANCREAS 
By L. A. Berger 


X-ray Department, Royal Free Hospital, London 


Of 


Grey-scale ultrasonography shows the pancreas well in 75% 
of patients, and sufficiently well to suggest a diagnosis in 
15-20% of patients. Because of bowel gas, the rest have to 
be rescanned. 

The normal pancreas is visualized by both longitudinal 
and oblique scanning and bears a close relationship to the 
aorta and its branches, the inferior vena cava, and the veins 
of the portal venous system. The AP diameter of the head of 
the pancreas can be 3 cm, the body and tail 2.5 cm. 

In acute pancreatitis the pancreas is enlarged, ill-defined 
and contains low level echoes. The splenic and superior 
mesenteric veins are indistinct. Ultrasound is useful to 
monitor the development of pseudocysts and inflammatory 
masses. In chronic pancreatitis the pancreas is normal or 
enlarged. The echo pattern is abnormal, containing low 
level echoes and well-defined areas of high level echoes. 


Dilated ducts may be seen distal to obstruction of the 
pancreatic duct. In relapsing pancreatitis, chronic pancrea- 
titis plus areas of acute pancreatitis are seen. 

Carcinomas greater than 2-3 cm in diameter appear as 
ill-defined, lobulated masses. Low level echoes predominate, 
but high level echoes, sufficient to cause acoustic shadow- 
ing, often occur. Differentiation from chronic pancreatitis 
can be made, but this is often difficult. Ultrasound can 
reliably diagnose cystadenoma of the pancreas and stomach 
tumours. 

Ultrasonicaly-guided percutaneous biopsy of the pan- 
creas will improve the accuracy of diagnosis. ‘This tech- 
nique has no demonstrable morbidity. It is also used to 
decompress pseudocysts. 

With experience, the accuracy of ultrasound is approxi- 
mately 9095. In over 80% ultrasound can correctly predict 
the nature of the abnormality. 


COMPUTED TOMOGRAPHY IN PANCREATIC DISEASE 


By R. A. Fawcitt, I. Isherwood, Joan Braganza and 
H. T. Howat 


Departments of Diagnostic Radiology and Gastroenterology 
University of Manchester 


Computed tomography of the pancreas has been carried out 
on 50 patients with established pancreatic disease. A further 
20 patients have been studied with particular reference to 
the appearance of the normal pancreas. All examinations 
have been carried out on the EMI whole body scanner (C'T 
5000) in the Department of Diagnostic Radiology, Stopford 
Medical School, University of Manchester. 

Nine patients had a diagnosis of acute and acute-relapsing 
pancreatitis and were examined 1-12 weeks after the acute 
attack. 30 patients had a diagnosis of chronic pancreatitis 
and a further 11 patients had a verified neoplasm of the 
pancreas. The objective of this computed tomographic 
assessment was to identify in the abnormal pancreas changes 
which might be of value in prospective diagnosis. 

Increase in size, irregularity in outline and patchy though 
heterogenous density of the pancreas imply pancreatic 
disease but were in no way specific to any particular disease 
entity. In acute pancreatitis the appearance of computed 
tomographic scans varied with the extent to which recovery 
had occurred. When resolution was complete the pancreas 
appeared normal, incomplete resolution being associated 
with non-specific swelling and heterogenous density change. 
'The extent and precise location of pseudo-cysts in relation to 
adjacent viscera could be accurately delineated. 

In chronic pancreatitis specific changes were duct calculi, 
duct dilation and large intrapancreatic cysts enabling 
differentiation between focal enlargement due to chronic 
pancreatitis and local expansion due to carcinoma. 

Neoplastic infiltration regularly produced a solid mass of 
mixed low and normal densities. Hepatic metastases and 
associated pathology in the biliary system was seen in 
association with neoplasm and further distinguished this 
condition from chronic pancreatitis. 


PANCREATIC 
By D. Finlay and H. Herlinger 
St. James’s Hospital, Leeds LS9 7TF 


ARTERIOGRAPHY 


Arteriography is a useful technique in the investigation of 
pancreatic carcinoma and endocrine tumours. 

From reported series in the literature, the prospective 
accuracy of diagnosis of pancreatic carcinoma at arteri- 
ography is in the range 75-95%. In our series of 103 cases 
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examined arteriographically to confirm or exclude carci- 
noma, including 36 proven cases of carcinoma, a correct 
prospective dignosis was made in 90%. In retrospect there 
was only one case, a case of obstructive jaundice, a false 
negative, in which a correct diagnosis could not be made. 

Lesions of around 1 cm in size can be demonstrated by 
arteriography. 

We believe that a negative and adequate pancreatic ar- 
teriogram excludes the presence of symptomatic pancreatic 
carcinoma except in the presence of pancreatitis or obstruc- 
tive jaundice. It may be that arteriography will give the best 
results in relationship to patient survival if used in the in- 
vestigation of patients with diabetes of adult onset, pancreatic 
steatorrhoea, pain and anorexia, who have had negative ultra- 
sound investigations. 

In the diagnosis of insulinomas, prospective accuracy is 
commonly in the range 75-9595. In the other endocrine 
tumours the accuracy is lower. Those lesions which are 
small, less than 1 cm in diameter, and those caused by 
diffuse hyperplasia, will not be shown by arteriography. 
"They can be demonstrated by venography and venous 
sampling, 

In the investigation of endocrine tumours of the pancreas 
we believe that arteriography and venography are essential. 


E.R.C.P. IN PANCREATIC DISEASE 
By A. Hadfield 
London Hospital 


Endoscopic pancreatography remains the only way to ex- 
amine the precise duct system of the pancreas pre-opera- 
tively. Its main uses are in the assessment of chronic pan- 
creatitis and in the diagnosis of carcinoma of the pancreas. 
As an investigation in obscure pancreatic pain, ? pan- 
creatitis, its use is still to be fully evaluated as the interpre- 
tation of minor changes in the pancreatogram is difficult. 
Several authors have commented on ageing changes in the 
post-mortem pancreatograms that can be confused with pan- 
ereatitis. (Kreel ez al., 1973; Kizu, 1977). 

Pancreatography is of particular value in the assessment of 
proven pancreatitis, in detecting the presence and type of a 
surgically treatable lesion. In our experience a surgically 
treatable lesion is uncommon in pancreatitis. Pancreatic 
duct stones, strictures and cysts were detected in 7 of 33 
patients with proven pancreatitis. The pancreatogram was 
always abnormal in chronic pancreatitis, but was normal in 
three of 18 patients with relapsing pancreatitis. 

In pancreatic carcinoma the commonest finding was 
complete obstruction of the main pancreatic duct. In some 
eases, non-obstructive strictures could be confused with 
pancreatitis. Long irregular strictures favoured carcinoma 
and short regular strictures favoured pancreatitis, but 
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interpretation can be extremely difficult. Pure pancreatic 
juice collected from the cannulated duct at the time of 
E.R.C.P. was examined cytologically in an attempt to help 
interpretation (Hatfield and Smithies, 1976). 

E.R.C.P. alone was diagnostic in 28 of 38 patients with 
carcinoma (74%). Cytology alone was diagnostic in 21 
patients (55%). Combining E.R.C.P. and cytology 36 of the 
38 patients were diagnosed (95%). 

E.R.C.P. remains an extremely useful investigation in 
pancreatic disease, but there are considerable difficulties 
both in the technique and in the interpretation of the 
findings. 
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PANCREATIC SCANNING 
By H. J. Testa, Mary Prescott and Joan Braganza 


Departments of Nuclear Medicine and Gastroenterology 
Royal Infirmary, Manchester 


Radioisotope scanning of the pancreas has been used as a 
Screening test of pancreatic function in our hospital for 
approximately eight years. Studies were first carried out 
with a rectilinear scanner and more recently with a gamma 
camera linked to a computer system. All patients were 
injected with 200 «Ci of "5Se-selenomethionine and with 2 
mCi of *"T'c-sulphur colloid to allow visual or electronic 
subtraction of the liver image. 

Our results indicate that a normal scan excludes the 
presence of carcinoma and chronic pancreatitis with a 
probability greater than 90%, but an abnormal scan, because 
of a high proportion of false positive results, is not sufficient 
evidence of impaired pancreatic function. However, when 
patients with disorders associated with a high incidence of 
scan abnormality are excluded from consideration (diabetes, 
previous gastric surgery, duodenal ulcer, biliary disease), 
the false positive rate is greatly reduced and an abnormal 
scan should then be taken to indicate pancreatic disease. 

Although newer non-invasive techniques such as ultra- 
sound and computerized X-ray tomography can define 
pancreatic morphology, radioisotope scanning provides a 
further dimension by additionally assessing pancreatic 
function. 
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Hyperbaric oxygen 
Chairman: Sir Brian Windeyer 


History of the working party on hyperbaric oxygen, by N. Howard. 
Hyperbaric oxygen: controlled trials in head and neck cancer, by J. M. Henk. 


The first cervix trial 1966—1973, by E. R. Watson. 


The treatment of stage IH squamous carcinoma of the cervix in air and hyperbaric oxygen, by M. B. Bennett. 


Controlled trials in carcinoma of the bladder, by G. Wiernik. 


Controlled trials in carcinoma of the bronchus, by J. B. McEwan and I. S. Cade. 
Radiobiological considerations from the hyperbaric oxygen trials—a personal view, by J. F. Fowler. 
Results of the hyperbaric oxygen trials—a personal view, by S. Dische. 


HISTORY OF THE WORKING PARTY ON 
HYPERBARIC OXYGEN 


By N. Howard 
Charing Cross Hospital, London 


In 1962 the steering committee for the evaluation of differ- 
ent methods of cancer therapy of the Medical Research 
Council set up a working party on clinical trials of high 
tension oxygen and radiotherapy. The scientific basis of 
the work was discussed in detail, particularly the work of 
Dr. L. H. Gray on hypoxic and therefore radio-resistant 
tumour cells, Hyperbaric oxygen was proposed as a means of 
raising the oxygen tension within the tumour, and so over- 
coming this radio-resistance. Clinically the first use of 
hyperbaric oxygen was by Churchill-Davidson and his 
colleagues, whose pioneer work is well-known to this 
audience. 

'The first meeting of the reconstituted working party was 
held on 10 June 1963, when I was appointment secretary, 
under the chairmanship of Professor Hedley-Atkins. The 
terms of reference were "to assist and collate various in- 
vestigations into the effects of radiotherapy, using high 
tension oxygen; to assess results; to estimate the likely 
future of this type of therapy; and to act as a centre where 
information might be pooled". It was decided to treat 
tumours *of the bronchus, bladder, head and neck, and 
cervix, The various parameters for treatment were agreed, 
and the protocols for treatment worked out, 

The working party, under the chairmanship of Sir 
Brian Windever since 1967, consists of 12 members, but 21 
others have taken part during the last 14 vears. Although it 
has taken so long to produce a report for the Medical 
Research Council, the amount of work that has gone into 
this study should not be under-rated, and the working 
party has reached some conclusions, as vou will hear later. 
1,200 patients have been included in the trial, and when one 
considers that it takes about 40 minutes to treat a patient in 
oxygen, the work involved can readily be imagined. At the 
beginning of the trials the climate of opinion was such that it 
was difficult to have the same treatment carried out at each 
centre, but as the years have gone by attitudes have changed, 
and in the later years identical treatments have been carried 
out in different centres, which has of course been most 
helpful in reaching conclusions. Variations in such factors as 
fractionation have made it more difficult to be dogmatic in 
reaching conclusions, but has produced much interesting 
work in relation to other methods of radio-sensitization. 


HYPERBARIC OXYGEN: 
CONTROLLED TRIALS IN HEAD AND NECK CANCER 


By J. M. Henk 


Royal Marsden Hospital, Fulham Road 
London, S.W.3 


'T wo trials of hyperbaric oxygen (HBO) and radiotherapy in 
head and neck cancer have been performed, The first trial 
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began in 1964 using identical dose and fractionation in 
HBO and air, 10 fractions in 22 days, to a tumour dose of 
between 3,500 and 4,600 rad depending on field size (Henk 
et al., 1970). 295 patients were admitted, all from Cardiff; 
there was a significantly higher local tumour control rate in 
the HBO series, 53°, compared with 30°, in the air series 
(p <0.001), w hich resulted in a significantly reduced neces- 
sity for subsequent salvage surgery, but there was no im- 
provement in survival. Normal tissues effects were also 
increased by HBO, especially in the case of the larynx, so no 
conclusive evidence of an improved therapeutic ratio could 
be claimed. 

In the second trial, begun in 1971, the fractionation 
scheme in HBO was retained but the tumour dose reduced 
by 10°, wherever the larynx was in the treatment volume. 
'The control group rec ived a conventional daily fraction- 
ation scheme in air. This trial has just concluded; up to 
June 1976 104 patients were entered from Cardiff and 23 
from Leeds. Preliminary results show that both survival 
and local tumour control rates are significantly higher in the 
HBO series and there is no difference in normal tissuc 





effects, 
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THE FIRST CERVIX TRIAL 1966-73 
By E. R. Watson 


Glasgow Institute of Radiotherapeutics 
Western Infirmary, Glasgow 


This was a multicentre trial from Portsmouth, Oxford, 
Glasgow and Mount Vernon, on 320 histologically proven 
cases of cervical carcinoma. The patients were all under 76 
years of age and fit for hyperbaric treatment. The majority 
were in Stages IH and IV but a few Stage IIB cases were 
also treated. 

The object of the trial was to compare the effects of the 
same dose schedule in both air and oxygen. Provided this 
criterion was observed the centres were free to choose their 
own schedules. All the cases have now completed three years 
follow up and over 80°, can be assessed at five years. 

The local recurrence rate showed a very signific ant im- 
provement in favour of oxygen (P «0. 001). The actuarial 
survival rate was more modestly in favour zi oxygen (all 
cases P —0.032, Stage III only P 0.012). There was no 
difference in the incidence of metastases (P — 0, 9f 

‘The incidence of adverse effects was somewhat higher in 
the oxygen series suggesting an overall radio-sensitizing 
effect on both normal and tumour tissues. Because of this it 
was difficult to assess the absolute effect on the therapeutic 
ratio. 'The greatest differences in survival appeared to be 
from the centres using a few large fractions and was partly 
due to poor air results with this type of fractionation. 
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THE TREATMENT OF STAGE LIT SQUAMOUS 
CARCINOMA OF THE CERVIX IN AIR AND 
HYPERBARIC OXYGEN 


By M. B. Bennett 


i Radiotherapy Department 
Groote Schuur Hospital and University of Cape Town 
South Africa 


This trial commenced on April 1, 1971. To date, 213 cases 
have been entered and an analysis of cases 1-185 is reported. 
All cases had a minimum 12 months possible survival from 
completion of treatment. 

Four groups of patients were randomized. 


Trial 3 

Group ! In Air 5800 rad in 27 fractions x 5 weekly 
Group 2 in Os 5800 rad in 27 fractions x 5 weekly 
Group 3 Ín Air 4500 rad x 10 fractions x 2 weekly 
Group 4 In Os 4500 rad x 10 fractions x 2 weekly 
Trial 4 

Group 1 In Air 5800 rad in 27 fractions x 5 weekly 
Group 2 In Os 5800 rad in 27 fractions x 5 weekly 
Group 3 In Air 4000 rad in 10 fractions x 2 weekly 
Group 4 In Os 4000 rad in 10 fractions x 2 weekly 


At this stage of the trial it is possible to conclude (1) 
hyperbaric oxygen added to the twice-weekly fractiona- 
tion scheme increases local clearance rate; (2) this does not 
however increase the survival rate in this group; (3) oxygen 
added to the daily fractionation scheme does not increase 
focal clearance or survival; (4) oxygen does not hasten 
metastases; (5) there is, as yet, no real advantage of ten 
fractions in oxygen over 27 fractions in air; (6) the Ellis 
formula does not appear to work for pelvic tissues. Our 
original dosage scheme of 27x215 rad and 10x450 rad 
were both equivalent to 1775 ret. Disastrously high mor- 
bidity was found using 10 x 450 rad. This has been signifi- 
cantly reduced when the dose was reduced to 10 x 400 rad 
or 1550 ret. 1550 ret did not produce a lack of tumour 
control compared with 1775 ret. We believe this to be a 
unique trial involving studies of both the oxygen effect and 
fractionation in a homogenous group of patients handled by 
one institution. 


CONTROLLED TRIALS IN CARCINOMA OF THE BLADDER 
By G. Wiernik 


University of Oxford, Research. Institute 
Churchill Hospital, Oxford 


"Two controlled clinical trials have been undertaken at 
Portsmouth, Mount Vernon, Glasgow, Oxford and Cape 
Town. In the first, from 1964 to 1971, 236 patients became 
available for assessment, equally divided between those 
treated in oxygen at three atmospheres absolute and those 
treated in air with a similar dose and fractionation scheme. 
Each participating centre was free to choose its own regime 
so that the maximum tissue doses varied from 3600 rad 
given in six fractions over 18 days, to 6000 rad given in 40 
fractions over 56 days. All patients were treated by mega- 
voltage machines and had tumours ranging from stage T1 to 
T4. Actuarial survival rates for the whole group have been 
calculated for each year of survival up to five years and no 
statistical differences between the two methods of treat- 


baric oxygen entailed a few large fractions given in a short 
overall time whilst the patients treated in air received many 
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small fractions over a long overall time. Actuarial survival 
rates up to four years show no significant differences be- 
tween the two treatment groups. 


CONTROLLED TRIALS IN CARCINOMA OF THE BRONCHUS 
By J. B. McEwan and I. S. Cade 


St. Mary's Hospital, Portsmouth 


For the past twelve years randomized clinical trials have 
been run at Portsmouth to determine the survival rate of 
patients treated by megavoltage radiotherapy in high pres- 
sure oxygen (HPO) compared with those treated in air at 
atmospheric pressure. The trials were designed to answer 
the following question: ‘Is the survival time of certain 
patients with carcinoma of the lung treated with mega- 
voltage radiotherapy in oxygen at a pressure of three 
atmospheres absolute as good as, better than, or worse than 
that of a similar group of patients treated in the same way in 
air at atmospheric pressure?" 

With conventional small fraction daily radiotherapy, 6000 
rad in 40 fractions, five fractions per week, the use of 
adjuvant HPO has not improved survival. When six frac- 
tions of 600 rad maximum tissue dose are given, two frac- 
tions per week, there is improved survival in HPO compared 
with the same dose given in air. 

The survival rate in 123 patients with squamous cell 
carcinoma of the bronchus treated by six fractions of 600 
rad maximum tissue dose in 18 days is: 











Air (59) HPO (64) 
12.4%, 24.6%, 
2.5% 15.9%, 








Although the criteria for inclusion in the trial are designed 
to exclude patients with distant metastases, half the patients 
die in the first year and three quarters have died by the end 
of the second year, mostly from metastases not detected at 
the time of selection. Improvement in survival in the HPO 
series becomes evident in the second year. We now propose 
to continue the trial with stricter criteria for admission and 
will include the use of bone, brain and liver scans to elimi- 
nate patients with occult metastases in order to define a group 
with inoperable lung cancer whose prognosis, when treated 
in HPO, may be as favourable as those treated surgically. 


RADIOBIOLOGICAL CONSIDERATIONS FROM THE 
HYPERBARIC OXYGEN TRIALS——A PERSONAL VIEW 


By J. F. Fowler 


Gray Laboratory, Mount Vernon Hospital 
Northwood, Middlesex 


There are improved results to explain. The problem is to 
distinguish between two possible reasons for the improve- 
ment: (1) a genuinely greater enhancement of the effect on 
tumours than on normal tissues; and (2) equal dose en- 
hancement ratios but a steeper response curve for tumours 
than for normal tissues. These possibilities cannot be re- 
solved until data at more than one level of dose are available. 
The therapeutic ratio can be estimated here only by 
comparison with other published clinical dose-response 
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Net gain in 
HBO Trial local Non-Rec. 


Cervix (all UK patients) 320 12°, 
Cervix (Stage HHI squamous) 277 1375 
Head & Neck 

(1st) 276 21°, 
(ist) 276 18%, 





Chance probability 





.03 12.4%, (severe) 
.01 | 12.4%, (severe) 
> 001 4°, (fatal) 
> .01 9°) (perichondritis} 
1 


| 





‘Net gain’ is a practical way of assessing the advantage or 
otherwise of any new treatment. It involves counting how 
many patients out of 100 are lost by recurring cancer or by 
severe complications or both. The net gains for the HBO 
trials which showed an improved local non-recurrence are as 
shown in Table I. 

These sites represent about half of the 1389 patients 
reported today, and about one-fifth of all the patients in 
HBO trials anywhere which have been reported to date. 
Reasons for nil results in the other trials include too small 
numbers, failure to randomize patients, advanced cases with 
too short survival, and unfavourable radiobiological design. 

‘Those centres already using HBO should not discard it 
lightly. More patients benefit than experience complications. 
Results are still coming in. Data for lower doses in HBO are 
needed. 'These results are a considerable encouragement for 
other methods of dealing with hyperbaric cells in tumours, 
including fast neutrons and the hypoxic-cell radiosensi- 
tizing drugs. The latter should eventually provide the most 
definitive proof of whether hypoxic cells matter in radio- 
therapy, and if so for which tumours. 


RESULTS OF THE HYPERBARIC OXYGEN TRIALS—~ 
A PERSONAL VIEW 


By S. Dische 


Mount Vernon Hospital, Northicood 
Middlesex HA6 2RN 


‘There can now be no doubt that hyperbaric oxygen does 
increase the effect upon tumour in clinical radiotherapy. 
There is, however, evidence for an increased response of 
normal tissues. The fundamental question to be asked is: 
“Would the benefit have been achieved by a simple elevation 
of radiation dose given under normal conditions in air?" 
One method of assessment is to determine the percentage 
increase of dose in air which will produce the increment of 
normal tissue damage seen in hyperbaric oxygen. For tissues 
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other than the larynx this increase is likely to be small and 
evidence is presented to suggest that this would be not 
greater than 3°%,. Such an increase is most unlikely to have 
resulted in the greater benefit in tumour control seen in the 
head and neck cases and in the patients with carcinoma of 
the cervix. 

Hyperbaric oxvgen appears to be beneficial in the head 
and neck tumours, carcinoma of the cervix and possibly 
carcinoma of the bronchus, but gives no benefit in carcinoma 
of the bladder. Almost certainly hypoxic cells are present in 
all the tumours treated by radiotherapy and these differ- 
ences are more likely related to the differing abilitv of 
hyperbaric oxygen to sensitize hypoxic cells in the different 
tumours. It is to be expected that tumours at differing 
sites, and with differing patterns, should require differing 
conditions for radiotherapy as regards total dose, fractiona- 
tion, overall time and means of sensitization of hypoxic 
cells, in order to achieve the optimum degree of tumour 
control. The contradictions in tumour response seen be- 
tween most of the United Kingdom centres treating car- 
cinoma of the cervix in hyperbaric oxygen with those in 
Capetown and Houston may be explained on the basis of 
different types of carcinoma occurring in different racial 
groups. 

Where facilities for hyperbaric oxygen treatment are 
available, then hyperbaric oxygen would seem to be the 
optimum method of treatment for tumours in the head and 
neck region and carcinoma of the cervix. A spread of use of 
hyperbaric oxygen must depend upon further trials com- 
paring this technique with newer ones which have been 
developed in recent years. These will include neutron 
therapy, the addition of cytotoxic chemotherapy and hypoxic 
cell sensitizers. 

Hyperbaric oxygen trials have yielded a vast amount of 
knowledge, not only as to the place of hyperbaric oxygen in 
clinical radiotherapy, but also in radiobiology, the organ- 
ization of clinical trials, the recording of normal tissue 
effects and in techniques to predict from early response the 
later findings so as to obtain answers in clinical trials at an 
early time. 


Embolization via small vessels using a single channel balloon catheter, by C. W. Kerber. 


‘Transcatheter embolization in liver disease, by R. Dick. 
Needle biopsy of the lung, by D. J. Allison. 
Needle biopsy of the spine, by P. Armstrong. 





EMBOLIZATION VIA VERY SMALL VESSELS USING 
A SINGLE CHANNEL BALLOON CATHETER 


By C. W. Kerber 


School of Medicine, University of Pittsburgh 
Pittsburgh, U.S.A 


After developing meticulous techniques to prevent un- 
wanted arterial occlusion during angiography, radiologists 
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have begun to block arteries deliberately. ‘These vessels 
supply vascular tumours and arteriovenous malformations. 
Basically, three methods are used. The first method is to 
place a balloon on the end of the catheter, guide the balloon 
as near as possible to the abnormality, and blow up the 
balloon. The balloon may be detached and the catheter with- 
drawn, or both may be left in place. This is akin to a surgi- 
cal ligation and generally blocks large proximal feeders. It is 
particularly effective in the treatment of short segment 
arteriovenous shunts. 
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The second occlusive technique is the introduction of 
particulate emboli. Muscle, lead shot, gelfoam, silicone 
spheres, and other foreign materials may be introduced 
through the angiography catheter. One depends upon the 
increased blood flow of the abnormality to carry the thera- 
peutic embolus distally. With this treatment technique, a 
deeper penetration of embolic material and occlusion of 
finer vessels is achieved. The disadvantage of this technique 
is that as the treatment progresses, blood flow to the abnor- 
mality is slowed, and emboli may be lost to more vascular 
and normal tissues with resulting ischaemic damage. 

The third method is to create an intravascular cast. This 
experimental technique can occlude vessels at the capillary 
level. One infuses some polymerizing material, usually 
silicone of cyanoacrylate. Control of both delivery of the 
agent and of its polymerization is difficult, and at this time, 
presents the therapist with his greatest technical problems. 

We have recently developed a small balloon catheter 
ending in a silicone balloon. The balloon has a reinforced tip 
with a calibrated leak. This single lumen system allows us to 
inflate the balloon with the first increment of pressure and 
then with further pressure, to discharge fluid, either con- 
trast agent or adhesive, distally. We have used this system to 
explore the intracranial arteries, and also to deposit isobutyl 
Jecyanoacrylate (IBCA) into inoperable renal cancer, a 
traumatic renal A-V fistula, spinal cord, and intracranial 
arteriovenous malformations, and one carotid cavernous 
fistula. The patients with renal cancer were satisfactorily 
palliated, the renal A-V fistula and carotid cavernous 
fistula appear closed permanently, but the intracranial 
arteriovenous malformations have not been followed long 
enough to determine effectiveness. 

The particulate occlusive techniques in use today are an 
effective and safe method of obliterating the blood supply of 
vascular abnormalities, Intravascular cast formation is still 
experimental, but offers us a way to obliterate the vascular 
tree at any desired level and awaits only further technical 
refinement. 


a 


TRANSCATHETER EMBOLIZATION IN LIVER DISEASE 
By R. Dick 


Royal Free Hospital 
Pond Street, Hampstead, London NW3 20G 


Newer imaging techniques of the liver, some not involving 
ionizing radiation, and unassociated with patient discomfort, 
have led to a careful re-appraisal of the place of angiography. 
Certainly it will always have a role in diagnosis, but indi- 
cations for angiography will be very carefully appraised, and 
therapeutic procedures have an increasingly important role. 

Arterial embolization can have a dramatic effect in life 
threatening situations, namely arterial bleeding or arterio- 
venous communications subsequent to trauma. It can 
staunch blood loss from an actively bleeding peptic ulcer in 
the patient with underlying liver disease, especially when 
surgery is contraindicated. Its role in liver malignancy is 
more controversial. A tumour should be vascular before 
embolization is considered. There is little point in blocking 
the source artery to an already necrotic tumour. Thus 
therapeutic embolization is probably more worthwhile in the 
vascular primary hepatocellular carcinoma (‘“‘hepatoma’’) 
when surgical resection is deemed impossible. Metastases 
are on the whole less vascular, and though a gigantic liver 
may shrink following embolization, and the patient’s ter- 
puoal weeks be more comfortable, in some cases, severe 
liver cell damage results and the patient's quality of life 
deteriorates. All patients should be carefully monitored by 
the clinician and radiologist in the weeks following the 
embolization procedure. It is unproved that the life ex- 
pectancy of these patients is lengthened, but it is hoped that 
the rate of liver growth is halted with lessened patient 
discomfort. 


Embolization of the bleeding gastro-oesophageal collater- 
als in portal hypertension is achieved following transhepatic 
portal vein catheterization. 'The complications of the pro- 
cedure are low. In the initial Royal Free series of 36 pro- 


„cedures, the portal vein was entered in 34 (94%) nes the 
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varices sclerosed (as judged by portography at the end of the 
embolization) in 66%. Failure in the 33°, is due to the 
present technical limitations of the procedure, catheter 
control being considerably more difficult than in the 
arterial system. Five of six patients followed up over three to 
18 month periods did not show recanalized veins on splenic 
portography. Others have bled within the first few months, 
and have required a repeat procedure or a porto-systemic 
shunt. À permanent embolizing agent, probably the plastic 
polymer isobucrylate, should replace the present gelfoam- 
thrombin mixture. New collaterals opening up after the 
embolization are hopefully in retroperitoneal and other 
sites where varices are not traumatized, but regrettably new 
short gastric veins have formed in some patients. As with 
embolization procedure elsewhere in the body, selection of 
patients as well as of site is critical. The younger patient 
with one severe bleed proven to be due to varices is more 
suitable for collateral embolization than the terminal cir- 
rhotic. 


NEEDLE BIOPSY OF THE LUNG 
By D. J. Allison 


Department of Diagnostic Radiology 
Hammersmith Hospital 
Du Cane Road, London W12 0HS 


Needle aspiration biopsy of pulmonary lesions is increasingly 
gaining acceptance as a rapid and relatively safe diagnostic 
procedure (Nordenstrom, 1965). The technique may identify 
an opacity as being a primary lung tumour (benign or 
malignant), a secondary tumour deposit from a previously 
unsuspected or unidentified primary site, or a focus of 
bacterial or fungal infection. This information can clearly be 
crucial in determining the subsequent management of the 
patient. 

Needle biopsy is performed with an 18 or 20 gauge needle 
(o.d. approx. 1 mm.), under local anaesthesia using X-ray 
fluoroscopic control. Bi-plane screening facilities are desir- 
able. Rapid and careful processing of the cytological mat- 
erial obtained is necessary and the co-operation of a skilled 
pathologist is essential to the technique. 

Needle biopsy is contra-indicated in the presence of 
emphysematous bullae, bleeding diatheses, contralateral 
pneumonectomy, seriouslv impaired lung function, pul- 
monary hypertension, and lesions likely to be vascular or 
parasitic in nature. Reported complications (Sinner, 1976; 
Lauby et al, 1965) include pneumothorax, haemoptisis, 
pulmonary or pleural haemorrhage, air embolism, tumour 
embolism, tumour implantation, broncho-pleural fistula and 
empyema. Despite this alarming list of potential hazards the 
incidence of serious complications in practice is rare: in 70 
patients examined at Hammersmith Hospital there were no 
deaths and only two patients required the insertion of chest 
drains for pneumothorax. 
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NEEDLE BIOPSY OF THE SPINE 
By P. Armstrong 


X-ray Department, King’s College Hospital 
Denmark Hill, London, SES 


The technique of needle biopsy of spinal bodies and disc 
spaces using the Ackerman needle (Beckton Dickenson) 
was described. 63 patients from King’s College Hospital and 
Lewisham Hospital underwent needle aspiration of biopsy 
between 1971 and 1976. A definite diagnosis was established 
from the material obtained in 44; in eight patients abnormal 
material was obtained but no definite diagnosis established. 

The presentation concentrated on 22 consecutive pat- 
ients with clinically suspected disc space infection, in whom 
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disc space narrowing with adjacent bone destruction was 
identified on X-ray examination. A definite diagnosis of 
infection with isolation of the infecting organism was made 
in 14 patients, and in two patients malignant neoplastic 
tissue was identified. In the remaining six patients the pro- 
cedure was unhelpful (at least three of these almost cer- 
tainly had active disc space infection). 

No serious complications were encountered. It was con- 
cluded that needle aspiration/biopsy of the spine is of 
particular value in: 

(1) Cases of suspected disc space infection to establish the 
diagnosis and to isolate the infecting organism so that 
optimum treatment can be undertaken. 

(2) Cases of suspected malignant neoplasm where a posi- 
tive result will affect patient management. 

Needle biopsy techniques cannot exclude pathological 
processes. 


Chairman: Professor J. H. Middlemiss (University of Bristol) 


À Iymphographic study on chyluria, by H. Ngan. 


The radiological pattern of bone infarction in the haemoglobinopathies, by J. T. Ennis. 
Abdominal complications in homozygous sickle cell disease, by I. W. McCall. 


Arthritis in Africa, by H. Baddeley. 


Some aspects of schistosomiasis of the urinary tract, by B. C. Umerah. 


A LYMPHOGRAPHIC STUDY ON CHYLURIA 
By H. Ngan 


Institute of Radiology and Oncology 
Queen Mary Hospital, Hong Kong 


96 patients with chyluria were studied by bilateral pedal 
lymphography. The retroperitoneal lymphatic vessels were 
dilated, tortuous and increased in number in 59% of cases 
while the appearance of the opacified lymph nodes were 
abnormal in 639; of cases. Renal lymphatic reflux, either 
bilateral or unilateral, was seen in 93°, of patients. Uni- 
lateral renal reflux was more frequent on the left than the 
right. A correlation was observed between the site of origin 
of the cisterna chyli with reference to the mid-line of the 
spine and the side of unilateral renal lymphatic reflux. (P > 
0.007). There was no evidence of thoracic duct obstruction 
although the thoracic duct was more than 3 mm in calibre in 
seven cases. Lymphography was also performed on 23 
patients who had had stripping of the lymphatics along the 
renal pedicle and upper ureter to determine if surgical dis- 
connection was complete. Surgical disconnection was found 
to be complete in 95% of the 20 patients who had undergone 
unilateral stripping of the lymphatics, but incomplete in all 
three patients who had undergone simultaneous bilateral 
stripping of the lymphatics. The pathogenesis of chyluria 
was discussed in the light of the lymphographic, bacterio- 
logical and histological findings. 


THE RADIOLOGICAL PATTERN OF BONE INFARCTION 
IN THE HAEMOGLOBINOPATHIES 


By J. T. Ennis 


Radiological Department 
Mater Misericordiae Hospital, Dublin 


The haemoglobinopathies are inherited disorders of hae- 
moglobin synthesis. In sickle cell anaemia there is alteration 
of the haemoglobin molecule with substitution of one amino 


- 
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acid for another, while in the thalassaemias there is defective 
synthesis of the alpha or beta chain. 

'The skeletal changes in sickle cell anaemia result from 
two factors working in opposite directions: 

'The hyperplastic marrow attempts to increase its volume 

by expansion whilst sclerosing factors attempt to replace 

the marrow with osteoid tissue and new bone. 

The radiological pattern of bone infarction has been 
studied in 192 patients comprising haemoglobin SS-61 
patients, haemoglobin SC-84 patients and haemoglobin 5 
'l'halassaemia-47 patients. The skeletal changes of bone 
infarct included articular disintegration, juxta articular 
sclerosis, dystrophic medullary calcification, periosteal re- 
action, “bone within a bone”, osteolysis and in the verte- 
brae a central "step sign”. 

Age was the chief factor determining bone infarction— 
being seen in only 22 patients under 25 years. While high 
haemoglobin levels influence the severity of retinal disease in 
SC patients, only in the S Thalassaemia patients where there 
was an associated cortical thickening was there anv indica- 
tion of correlation. High fetal haemoglobin levels appeared 
to offer some protection in the SS and S ‘Phalassaemia 
patients possibly by reducing viscosity. There was no cor- 
relation between the levels of irreversible sickle cells and 
bone infarction. 


ABDOMINAL COMPLICATIONS IN HOMOZYGOUS 
SICKLE CELL DISEASE 


By I. W. McCall 


Robert Jones and Agnes Hunt Orthopaedic Hospital 
Oswestry 


The two main features of homozygous sickle cell disease are 
chronic haemolytic anaemia and vascular congestion with 
infarction. Both processes lead to pathological changes in 
abdominal organs. A prospective radiological survey was 
instituted to assess the incidence, radiological features and 
predisposing factors of these complications. 
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Renal changes occurred in 69% of 189 patients examined 
by intravenous urography. The most common abnormality 
was calvceal clubbing without associated parenchymal scar- 
ring. The incidence of clubbing increased with the age of the 
patent. Signs attributable to papillary necrosis occurred in 
439% of cases. The papillary cavities were small and total 
papillary sloughing was not a feature. 

‘The plain abdominal radiographs of 206 patients were 
reviewed and radiopaque gallstones were present in 51 
(24.7*5,). 126 patients underwent oral cholecystography and 
ý (5.375) were shown to have radiolucent gallstones. ‘The 
proportion of stones that were radiopaque was therefore 





o 


er 
Patients with stones had significantly higher unconjugated 
bilirubin levels and reticulocyte counts, 

Splenic infarction and congestion is common in sickle cell 
disease, Radiopacification was assessed on the abdominal 
radiographs of 188 patients and the incidence of 27.5% was 
found. Calcification varied between punctate, amorphous or 
curvilinear patterns. The size of the spleen influenced these 
patterns, 


ARTHRITIS IN AFRICA 
By H. Baddeley 


Department of Radiodiagnosis 
Bristol Royal Infirmary 


Infection assumes great importance as a cause of arthritis in 
tropical Africa. Suppurative arthritis due to staphylococcal, 
diplococcal or salmonella infection is common, brucellosis is 
endemic amongst cattle-rearing people such as the Masai 
and Karamajong and tuberculosis is rampant. Treponemal 
disease may affect bone adjacent to joints and gummatous 
necrosis of epiphyseal bone has been recognized in patients 
with vaws. Mycetoma due to a variety of fungal agents may 
invade the bones and joints of the feet and the loss of clear 
cortical outline of the tarsal bones that results is radio- 
logically characteristic. 

Neuropathic joint lesions due to syphilis affect the spine 
and large joints of the lower extremities, whereas leprosy 
affects the small joints of the hands and feet. Degenerative 
osteoarthritis is similar clinically and radiologically to that 
seen elsewhere in the world. 

Until recently rheumatoid arthritis and gout were con- 
sidered to be either extremely rare or non-existent in the 
native inhabitants of central Africa. However sixty patients 
with definite or classical rheumatoid arthritis were discover- 


ed within a one year period at Mulago Hospital in Uganda 
and seven patients with gout were diagnozed over a period of 
six years at the same hospital. 

Though some of the infective causes of joint disease 
produce appearances that are strange to a radiologist trained 
in Europe, the majority of African patients with arthritis 
have clinical and radiological features that are quite familiar. 
It would be a mistake to assume that because tropical 
Africa is hot and sunny that rheumatic and rheumatoid 
disease is rare. 


SOME ASPECTS OF SCHISTOSOMASIS OF THE 
URINARY TRACT 


By B. C. Umerah 


University Teaching Hospital, P/B RWI 
Lusaka, Zambia 


Tissue response to Schistosomal ova is variable, ranging 
from florid to mild in the acute phase. Fibrosis supervenes in 
all progressive cases but the proportion of indigenous popu- 
lation with advanced diseases is relatively small due to 
various forms of immunity which tend to limit the course of 
the disease and reinfections. Hydronephrosis develops in- 
sidiously due to derangement of ureteral peristalsis but 
function is usually good even in grotesque cases. This is 
attributed to the low pressure and aseptic status; rapid 
deterioration of function is heralded by complicating sec- 
ondary infection, or obstructing stricture, bladder cancer or 
calculus. Peculiarities of the ureters include gross tortuosity, 
continuous opacification of the ureters at urography ("mon- 
tage ureterogram’’), atonic ureterostasis which may be 
segmental in the distal thirds, bilharzial cobrahead deform- 
ity and ureterocoeles and deformities notably the '"'cowhorn 
deformity” of the lower ends of the ureters, due to mesial, 
cranial and anterior displacement at the vesical junctions, 
following trigonal and supratrigonal fibrosis. Bladder 
mucosal and contoural changes are more important than 
calcification which represents past infection. Calcification is 
not in the bladder wall but in dead ova; it is not à true 
calcinosis and the bladder remains distensible. 

In Zambia where complicating strictures and bladder 
cancer occur, secondary infection even after instrumentation 
is rare; the contracted bladder has only been encountered 
once in over ten years and prostatic bilharziasis is mild and 
causes no outflow obstruction. Geographical variations of 
presentation is a striking feature of the disease. 


Hyperthermia in the treatment of cancer 


Chairman: Dr. J. F. Fowler 


Introduction and some effects of hyperthermia on normal tissues, by S. B. Field. 
Tumour responses to hyperthermia and the therapeutic ratio, by Fiona Stewart. 
Hyperthermia and the immune response, by J. A. Dickson and S. A. Shah. 


Interaction of hyperthermia and drugs, by N. M. Bleehen. 
Electromagnetic heating techniques, by J. W. Hand. 


"The clinical effects and limitations of hyperthermia, by C. M. Ludgate, R. T. Pettigrew and W. S. Tulloch. 


INTRODUCTION AND SOME EFFECTS OF 
HYPERTHERMIA ON NORMAL TISSUES 


By S. B. Field 


MRC Cyclotron Unit, Hammersmith Hospital 
Du Cane Road, London, W12 


‘The first part of this paper is devoted to a brief description 
of some of the effects of heat on cells and tissues and to a 


- 
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discussion of those aspects which indicate that hyper- 
thermia might be useful in the treatment of cancer. The 
second part is concerned with the response of normal tissues 
to heat either alone or in combination with X rays. Three 
tissues are included, skin, intestine and cartilage. It is shown 
that heat alone causes rapid necrosis, a qualitatively different 
response from that of X rays. However, when lower heat 
"doses" are used, which are insufficient to cause direct 
damage, the heat may potentiate the effects of X rays but in 
this case the response is qualitatively similar to that of X rays 
alone. 
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For heat alone, using incidence of early necrosis as an 
endpoint, an increase in temperature of 1°C is equivalent to 
a reduction in heating time of a factor of 2, consistent with 
results obtained by other investigations using a variety of 
cells and tissues. However, the onset of necrosis with in- 
creasing temperature was very sudden, only 0.5°C being 
required to increase the level from 0 to 100°, in the critical 
region. When the blood supply of the tissue is clamped, the 
tissue becomes more sensitive, equivalent to a factor of 3 in 
heating time. The significance of this finding is discussed. 
For heat as a potentiator of radiation damage the thermal 
enhancement is similar for the various tissues, increasing 
from unity for heating to about 40 C for 1 hour to approx- 
imately 1.8 for 43°C for 1 hour. The relationship between 
heating time and temperature for heat as a potentiator of 
radiation damage is such that 1°C is approximately equiva- 
lent to a factor of 3 in heating time (compared with the 
factor of 2 for necrosis caused by heat alone). 


TUMOUR RESPONSES TO HYPERTHERMIA AND THE 
THERAPEUTIC RATIO 


By Fiona Stewart 


Gray Laboratory, Mount Vernon Hospital 
Northwood, Middlesex MA6 2RN 


The experimental basis for using heat in combination with 
X rays in the treatment of cancer was reviewed. As with any 
other form of therapy, no advantage will be gained unless 
the thermal sensitization of the tumour is greater than of 
the normal tissue: 

"Therapeutic gain ‘Thermal enhancement ratio (tumour) 

factor ~ Thermal enhancement ratio (normal) 

"Therapeutic gain can only be assessed if the same method 
and duration of heating are used for both normal tissue and 
tumour systems. A therapeutic advantage might be expected 
because of greater intrinsic sensitivity of tumour cells, or a 
greater sensitivity because of low pH, poor nutritional 
status, hypoxia or poor heat dissipation due to inefficient 
vasculature. 

Although Overgaard & Overgaard (1974) reported thermal 
sensitization of tumours with no effect on the surrounding 
normal tissue, most workers have reported significant 
sensitization of normal tissues to X-irradiation (Robinson 
et al., 1974, Thrall et al., 1975, Field et al., 1977, Stewart, 
and Denekamp, 1977). The therapeutic gain was calculated 
from those studies where comparable data are available for 
both tumours and normal tissues. No therapeutic advantage 
was found in three of the five studies reported when heat 
was applied immediately before or after irradiation (Thrall 
et al., 1975, Stewart, unpublished and Hill 1977). A thera- 
peutic gain was observed by Robinson et al., (1974) and by 
Overgaard & Overgaard (1974). In two of the tumour/normal 
tissue studies (Stewart unpublished and Hill 1977) a thera- 
peutic gain was achieved when heat was applied two to six 
hours after irradiation. 

'The importance of the sequence and timing of application 
of heat in relation to irradiation was stressed. 
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HYPERTHERMIA AND THE IMMUNE RESPONSE 
By J. A Dickson and S. A. Shah 


Cancer Research Unit, Royal Victoria Infirmary and 
University Department of Clinical Biochemistry 
Newcastle upon Tyne 


Involvement of an immune response in the tumour regres- 
sion that follows curative hyperthermia has been suspected 
since the turn of the century. There is now considerable 
circumstantial evidence that, in animals and in man, 
effective local heat treatment of a tumour can lead to regres- 
sion of tumour at other sites and to cure of the host (see 
Dickson, 1977, for review). 'T'here are, however, indications 
that total body hyperthermia is less effective for the treat- 
ment of cancer, and that this may be due to a deleterious 
effect on the immune system (Dickson & Muckle, 1972; 
Yerushalmi, 1976). 

In this study, 9/12 VX2 tumour bearing rabbits with 
metastases treated by local radiofrequency heating (LRFH, 
47-50*C/30 min) at 13.56 MHz to the primary (15-20 cc), 
were cured. Skin response to challenge with dinitrochloro- 
benzene (DNCB) or KC1 tumour extract, and the anamnes- 
tic response to bovine serum albumin (BSA) and the serum 
titre of anti-VX2 antibody all increased following effective 
LRFH. 'These responses decreased progressively with time 
in untreated or unsuccessfully treated rabbits. 

When curative LRFH was followed eight days later by 
total body heating (TBH), only 1/8 rabbits was cured. This 
markedly decreased survival rate was accompanied by 
abrogation of the stimulation of cell mediated and humoral 
immune responses that followed LRFH. 

The data support our previous postulate that local hyper- 
thermia leads to stimulation of an immune response against 
the host tumour, while total body heating depresses such a 
response. 
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INTERACTION OF HYPERTHERMIA AND DRUGS 
By N. M. Bleehen 


University Department and MRC Unit of Clinical 
Oncology and Radiotherapeutics 
The Medical School, Cambridge 


Hyperthermia interacts with the drug treatment of tumours 
in a variety of ways. There may be direct potentiation of the 
lethal effect; a kinetic perturbation with proliferation delay 
and cell-age sorting, and there may be a selective effect on 
resting cells. There may be an increased specificity for 
malignant rather than normal cells. The potentiation of the 
lethal effect of the drug may occur at temperature/time 
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exposures which in themselves have little effect. This 
potentiation may be due to altered cellular pharmacokinetics 
of the drug such as increased permeability of the cells, a 
direct synergism at the molecular targets, an effect on repair 
mechanism, and by direct activation of drugs or their 
metabolites. 

Various workers have demonstrated a potentiation of the 
several alkylating agents i vitro and in some im vivo ex- 
perimental systems. The action of bleomycin and adriamycin 
is also markedly increased. The mechanisms of the inter- 
actions are probably not identical. The 2-nitroimidazole/ 
hypoxic cell radiosensitizers can also be cytotoxic for anoxic 
celis in vitro and in vivo. Work presented shows that this 
drug may show an enhanced cytotoxic effect under certain 
conditions of hyperthermia both for hypoxic and oxic cells 
in vitro. There is also a marked cytotoxic effect on the EMT6 
tumour in vivo. 

The relevance of these potentiating effects of hyperther- 
mia on the action of drugs for cancer therapy in man is 
still uncertain, as more needs to be known about improve- 
ments in therapeutic index. 


ELECTROMAGNETIC HEATING TECHNIQUES 
By J. W. Hand 


MRC Cyclotron Unit, Hammersmith Hospital 
Du Cane Road, London, W12 


The band of frequencies in the electromagnetic spectrum 
which is of use in heating tissues at depth is discussed. The 
methods traditionally used in therapy to couple the energy 
into tissues are described and the disadvantages of attempt- 
ing to use such methods to produce heating at depth are 
outlined. The possibility of producing internal hot spots in a 
target whose dimensions are comparable to the wavelength 
af the radiation and the relevance of this to the heating of 
small animals is discussed. Recent developments are out- 
lined, including contact applicators which may be used at 
frequencies somewhat lower than the microwave diathermy 
frequency of 2.45 GHz, and an invasive technique which 
avoids the heating of superficial tissue by using needle 
electrodes to pass high frequency currents through deep 
tissue. Finally, some of the problems associated with tem- 
perature measurement in the presence of electromagnetic 


Malignant lymphomas 
Chairman: Professor A. E. Jones 


fields are stated and brief descriptions are given of new kinds 
of thermometer which enable reliable temperature measure- 
ments to be made in such an environment. 


THE CLINICAL EFFECTS AND LIMITATIONS OF 
HYPERTHERMIA 


By C. M. Ludgate, R. T. Pettigrew and 
W. S. Tulloch 


Departments of Clinical Surgery, Anaesthetics, and 
Urology, Western General Hospital and University of 
Edinburgh 


The treatment of human cancer by hyperthermia arose from 
the observation that spontaneous regression was often 
associated with intercurrent infection and prolonged high 
fever. Such regression may be due to a tumour necrotising 
substance, stimulation. of the immune response, or by 
thermal stress. 

Methods of inducing whole body hyperthermia are num- 
erous, but the importance of a safe, easily controlled method 
is stressed by the deaths recorded following hyperthermic 
therapy to 40°C in patients for venereal disease. Using Dr. 
Pettigrew's method, the maximum therapeutic temperature 
is 41.8°C which is the critical temperature for the liver. 

Heat stress was measured in standard centigrade degree 
minutes. This was defined as the time at one centigrade 
degree above the critical value required to produce the same 
amount of heat stress. The first fraction had to be less than 
300°C minutes at 41°C standard, otherwise intravascular 
coagulation was induced in patients with heat sensitive 
tumours. Fractions at weekly intervals did not summate. 

Local hyperthermia by vascular perfusion or perfusion of 
hollow organs was limited by the heat gradient induced, the 
vascularity of the tissues and whether there was neural tone 
in the tissues perfused, Prefusion under pressure potentiated 
vascular endothelial damage. Fractionation into daily treat- 
ments did not result in summation of the hyperthermic 
effect. 

The future of hyperthermic therapy depends on knowing 
the survival curves for the tumours and the therapeutic 
ratio of potentiating factors, enabling the required com- 
bination to be calculated in terms of dosage fractions so that 
a safe, logical therapy could be planned. 


Total body irradiation in the management of advanced lymphocytic lymphoma and chronic lymphocytic leukaemia, by 


F. M. B. Calman. 
Pathology of gastrointestinal lymphomas, by K. Henry. 


Castro-intestinal lymphomas, by D. Crowther and G. Blackledge. 
Radiotherapy and chemotherapy in the management of non-Hodgkin's lymphoma, by A. M. Jelliffe and Gillian Vaughan- 


Hudson. 
Staging of the non-Hodgkin's lymphomas, by M, J. Peckham. 


TOTAL BODY IRRADIATION IN THE MANAGEMENT 
OF ADVANCED LYMPHOCYTIC LYMPHOMA AND 
CHRONIC LYMPHOCYTIC LEUKAEMIA 


By F. M. B. Calman 


Institute of Cancer Research and The Royal Marsden 
Hospital, Downs Road, Sutton, Surrey 


A total of 24 patients with Stage IH and Stage IV lympho- 
eytic lymphoma have been treated withtotal body irradiation 
(TBI) at The Royal Marsden Hospital. Three different 
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fractionation regimes have been investigated. Doses of 150- 
300 rad are given to the whole body in fractions of 10-15 
rad over a period of 2-10 weeks (Rostom and Peckham, 
1977). 

The crude survival of the group of patients is 80%, at four 
years. Fourteen patients went into complete remission 
lasting 3-42 months. The treatment is well tolerated by the 
patient and the main toxicity is haematological. The platelet 
count and white blood count reach a nadir approximately 50 
days after commencing TBI (Rostom and Peckham, 1977). 
54% of patients treated developed platelet counts below 
40 x tü*/litre, Of the 13 patients who developed severe 
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thrombocytopaenia, ten had evidence of marrow infiltration 
by lymphoma. All patients made a spontaneous recovery of 
platelet count and lymphocyte count and only two patients 
required haematological support with platelet transfusions. 

The results of TBI are favourably compared with those 
previously obtained in advanced lymphocytic lymphoma at 
this institution. 

A preliminary communication reports work in progress in 
the management of chronic lymphocytic leukaemia with 


TBI 
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PATHOLOGY OF GASTROINTESTINAL LYMPHOMAS 
By K. Henry 


Department of Histopathology 
Westminster Medical School, London, SW! 


As a result of a detailed morphological study of a small series 
of patients with primary intestinal lymphomas—including 
some patients with alpha-chain disease (Doe et al., 1975)— 
in which the high incidence of plasma cell tumours was 
noted, a retrospective histological reappraisal of 125 cases of 
primary gastrointestinal lymphomas was carried out. The 
results of this study have shown that while the majority of 
these tumours are lymphocytic lymphomas, a significant 
proportion--39°,—are essentially of a plasma cell nature. 
"These extramedullary plasmacytomas were less common in 
the stomach and most common in the intestine, the majority 
occurring in the ileocaecal region (Henry and Farrer-Brown, 
1977). Follicular lymphomas and diffuse lymphomas of both 
lymphocytic well-differentiated and intermediate (small 
follicle) cell types formed a minority group; histiocytic lym- 
phoma proved to be a rarity and no single example of 
Hodgkin’s Disease was encountered. Of the 125 cases, 51 
lymphomas were arising in stomach, 53 in the small in- 
testine and 21 in the large intestine including rectum. 
Excluding the four children in the series, ages ranged from 
18 to 82 and were fairly evenly distributed across the decades. 
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GASTRO-INTESTINAL 
By D. Crowther and G. Blackledge 
Cancer Research Campaign, Department of Medical 


Oncology, Christie Hospital and Holt Radium 
Institute, Manchester 


LYMPHOMAS 


A retrospective study of the GI lymphomas seen at this 
hospital between 1950 and 1976 has been carried out by 
myself and Dr. G. Blackedge and the results are being pre- 
pared for publication. A total of 117 could be traced and of 
these 104 had sufficient information for evaluation. 

With this information a series of possible prognostic 
factors were postulated. These were pathology, site oftumour, 
stage and treatment. The significance of these factors was 
assessed, using computer-plotted total survival and disease 
free survival curves. 


The median survival for the whole population was less 
than two years, but 40% of those at risk were still alive and 
disease-free at ten years. The survival curves for favourable 
and unfavourable pathologies showed a highly significant 
difference, but the disease-free survival of the favourable 
group was significantly worse than the total survival, sug- 
gesting a pattern of continuous relapse which is found in 
this histological group in other sites. 

The site of the tumour did not seem to influence survival, 
the median survival for tumours of the stomach, small 
intestine and colon and rectum all being similar. The only 
site where there was a significantly poorer response was in 
the ileo-caecal region, where no patient survived more than 
nine months. The spread of disease showed that each of the 
possible prognostic factors had considerable significance, 
except that local lymph node involvement did not ad- 
versely affect survival in the whole population. A possible 
staging classification was constructed on the basis of these 
findings: 

Stage IA. single tumour confined to gut 

IB multiple tumours confined to gut 

ILA tumour with local lymph node involvement 

HB tumour with local extension to adjacent tissues 

HC tumour with perforation and peritonitis 

III. tumour with widespread lymphadenopathy 

IV tumour with disseminated disease in non- 
lymphoid tissue 

When survival curves were plotted for each of these 
stages, a highly significant difference was found (p= 
0.00001). This staging, therefore, would appear to be one 
which gives good separation into groups with prognostic 
significance. 

‘All patients had had an initial operation to make a diag- 
nosis, and in 50% a complete removal of tumour had been 
attempted, including lymph nodes. Complete surgery re- 
sulted in a much better survival, with a ten year disease free 
period in more than 50%. Those who had incomplete 
surgery did much less well. No demonstratable effect of 
radiotherapy post-operatively could be shown, but since 
this was a retrospective study the two populations were not 
controlled. Too few patients had received chemotherapy for 
this to be assessed. 


RADIOTHERAPY AND CHEMOTHERAPY IN THE 
MANAGEMENT OF NON-HODGKIN'8 LYMPHOMA 


By A. M. Jelliffe and Gillian Vaughan- Hudson 
The Middlesex Hospital and Mount Vernon Hospital 


Comparison of treatment results between centres is hampered 
by histological difficulties. The British national lymphoma 
classification is practical and understandable and also divides 
cases in general into those with a good or bad prognosis 
(Grade I and I1). 

'The management of non-Hodgkins lymphoma depends in 
part upon the stage. With localized (Stage I, H) disease, 
radiotherapy may be curative even with Grade II disease. In 
a personal series treated since 1970 after the introduction of 
modern methods of investigation, 11/13 Grade I and 8/14 
Grade Il cases remain in complete remission following 
localized irradiation. The value of ‘prophylactic’ chemo- 
therapy in this group of patients is at present under in- 
vestigation by the B. N.L.I. using Chlorambucil in Grade H 
disease and COP in Grade II disease. 

With generalized (Stage III, IV) disease, the prognosis 1$ 
very poor in Grade II cases. In a personal series treated 
since 1970, of 36 Grade I cases, 21 achieved complete remis- 
sion and 13 remain alive and well. Of 21 Grade II cases, 
seven achieved complete remission and only one remains 
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alive and welt, The B.N.L.[. is at present comparing Chlor- 
ambucil with COP (Cyclophosphamide, 'Oncovin', Predni- 
zone) in Grade I cases and CHOP (Cyclophosphamide, 
Tiydroxyrubidomycin, ‘Oncovin’, Prednisone) with total 
body irradiation in Grade H cases. Patients with Grade I 
disease are achieving complete remission with equal fre- 
quency using Chlorambucil or COP and when complete 
remission is achieved the prognosis is similar. Chlorambucil 
is tolerated better than COP. With Grade IH disease both 
methods of treatment are relatively disappointing. 

“ertain conclusions can be drawn. For local disease, local 
irradiation is essential, with very few exceptions (e.g. T cell 
childhood NHL). With generalized Grade I disease treat- 
ment is effective but lack of symptoms and slow evolution 
make the evaluation of treatment difficult. With generalized 
tirade II disease treatment is disappointing and rarely 
effective. 


STAGING OF THE NON-HODGKIN'S LYMPHOMAS 
By M. J. Peckham 


Institute of Cancer Research and The Royal 
Marsden Hospital, London and Surrey 


in Hodgkin's disease pathological staging procedures have 
developed as a logical extension of clinical investigative 
methods in the light of an understanding of the causes of 


treatment failure. Experience using laparotomy as a staging 
procedure has shown that occult splenic involvement is 
present in approximately one-third of patients, but involve- 
ment of the liver and marrow is uncommon. 

In the non-Hodgkin's lymphomas the patient population 
is older and there are less well-defined clinical objectives to 
provide a clear rationale for intensive staging methods. 
However, on the assumption that accurate staging will pro- 
vide a sound basis for treatment a good deal of information 
has already been acquired by adopting a sequential ap- 
proach to staging, initially performing a marrow biopsy and 
percutaneous needle biopsy of the liver and proceeding, if 
these are negative, to laparoscopy and finally laparotomy. 
Employing this approach it is clear that the proportion of 
patients with advanced disease is considerably higher than is 
the case for Hodgkin's disease. Marrow and liver involve- 
ment are more common and there is a strong correlation 
between involvement of the marrow, liver and spleen. At 
the Royal Marsden Hospital, patients under the age of 60 
years who have a negative bone marrow biopsy and liver 
biopsy are submitted to staging laparotomy and splenec- 
tomy. It is important to sample mesenteric lymph nodes 
since these are much more commonly involved than is the 
case in Hodgkin’s disease. In the diffuse lymphomas the 
cerebro-spinal fluid is sampled for the presence of lymphoma 
cells. 

The significance of these findings to overall patient 
management is being assessed and it cannot be assumed that 
intensive staging will lead to improved therapeutic results. 








76 





January 1978 


Forthcoming events and other notices 


The Editors have decided that owing to the extreme shortage of space in The British Journal of Radiology, 

the "Forthcoming events and other notices" section will in future only carry notices of general interest and 
announcements of meetings specifically connected with The British Institute of Radiology and its associated 
bodies. Members, however, will be receiving future meeting announcements, space permitting, in the B/R 


BULLETIN which is distributed quarterly to all members. 


RADIOBIOLOGY MEETINGS 
‘The following meetings are scheduled: 
"Work-in-progress'', February 17, 1978; 
"Recent advances in hyperthermia research", May 18, 
1978. 
Further information from the General Secretary, B.I.R. 
(01-935 6237). 


Sarery, RADIOLOGICAL EQUIPMENT AND THE LAW 
A joint meeting of The British Institute of Radiology, the 
Royal College of Radiologists and the Royal Society of 
Medicine (Section of Radiology) will be held on January 20, 
1978. 
Further information from the General Secretary, B.I.R. 


(01-935 6237). 


CARCINOMA OF THE BLADDER 
A joint meeting of the Royal Society of Medicine (Section 
of Radiology), The British Institute of Radiology and the 
Royal College of Radiologists, will be held on February 17, 
1978 at the RSM, London, W.1. 
Details from the RSM, 1 Wimpole Street, London, W.1. 


COMPARISON OF DIAGNOSTIC TECHNIQUES FOR THE 
CHEST AND MEDIASTINUM 
An evening meeting will be held on March 16, 1978 at 
The British Institute of Radiology, 32 Welbeck Street, 
London W1M 7PG. 


Details and registration from the General Secretary. 


BIR ANNUAL CONGRESS JOINT MEETING AND SCIENTIFIC 
EXHIBITION 1978 
'The Annual Congress will include a joint meeting with the 


Royal College of Radiologists, the Royal Society of Medicine 
(section of radiology) and the Netherlands Society of Radi- 
ology and will be held at the R.I.B.A., London, W.1. on 
April 13-14, 1978. Details from the General Secretary. 

The "SILVANUS THOMPSON MEMORIAL LEC- 
TURE” will be delivered at this congress by Sir John Hill, 
Chairman UKAEA. 


SECOND CONGRESS or THE EUROPEAN SOCIETY OF 
NUCLEAR MEDICINE 

'The Institute and other UK members of the European 
Society of Nuclear Medicine will be hosts to this congress to 
be held in London April 17-18, 1978. The meeting will in- 
clude a commercial exhibition, scientific demonstrations and 
technologists sessions. Contributions of original scientific 
presentations and scientific demonstrations are invited. 
Special abstract forms, which should be returned by Decem- 
ber 1, 1977, may be obtained from Dr. M. N. Maisey, 
Nuclear Medicine Department, Guy's Hospital, London, 
S.E.1. 


BIR CONVERSAZIONE 
Will be held at Northwick Park Hospital, Middlesex on 
May 17, 1978. 
Details from the General Secretary. 


Hicu Dose RATE AFTERLOADING GYNAECOLOGICAL 
IRRADIATION AS AN ADJUVANT TO GYNAECOLOGICAL. 
SURGERY: AN ASSESSMENT OF THE CATHETRON 

An evening meeting will be held on May 18, 1978 at The 
British Institute of Radiology (Reid-Knox Hall), 32 Welbeck 
Street, London W1M 7PG. 

Further details from the General Secretary. 
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Obituary 


J. G. Stewart, M.A., M.B., F.R.C.R., 
D.M.R.T. 


Dr. J. G. Stewart, Consultant Radiotherapist at the Christie 
Hospital and Holt Radium Institute, Manchester, died on 
March 22, 1977. He was 56 years old. © 

He was brought up and received his early education at 
Peterhead, and entered Aberdeen University as a student of 
mathematics and physics just before the second World War. 
He served in the R.À.F. as a radio-communications special- 
ist, mainly in India and, after the war, returned to Aberdeen 
to study medicine. He graduated in 1950 and in 1951 joined 
the staff of the Christie Hospital to train as a radiotherapist, 
being appointed consultant in 1959. He found great delight 
in the technical and mathematical aspects of radiotherapy 
and in the service he gave to his patients in the Christie, in 
the Manchester and Salford Skin Hospital and in Wigan 
Royal Infirmary. Among his many special interests in radio- 
therapy and radiobiology he would have regarded his studies 
of optimum dosage for cancer of the larynx as of prime im- 
portance and his paper on this subject, published in 1975, is 
already regarded as a classic. 

Gordon lived his life with vigour, he had an impish and 
endearing sense of fun, and he could make any party swing, 
especially after he produced his violin. He loved a good 
argument, and although such discussions could be long and 
loud, they were never followed by bitterness or resentment. 
With his wife, Margaret, he entertained visitors from all 
over the world, and their hospitality will not soon be for- 
gotten, 

We offer our sympathy to his wife and three sons. 

D. GREENE. 











Instructions to authors 


January 1978 


Please keep manuscripts brief and concise and include only those illustrations essential to an 


understanding of the text. 


Much time and correspondence will be saved if authors pay careful attention to these detailed 


instructions. 


Material published in THe BRITISH JOURNAL or RADI- 
oLocy includes full papers, case reports, technical and 
instrumental notes, short communications, letters to 
the editor and invited articles. Communications should 
ordinarily be addressed to the Honorary Editors, The 
British Journal of Radiology, 32 Welbeck Street, 
London W1M 7PG. 

Communications from North America or Australasia 
should preferably be submitted to the most appropriate 
of the following Associate Editors: 

Dr. P. Armstrong, M.B., B.S., F.R.C.R., D. M.R.D,, 
Department of Radiology, School of Medicine, Uni- 
versity of Virginia, Charlottesville, Virginia 22901, 
U.S.A. 

Dr. J. R. Cunningham, M.Sc., Ph.D., Physics Divi- 
sion, The Ontario Cancer Institute, 500 Sherbourne 
Street, Toronto 5, Canada. 

Dr. H. A. Luke, F.R.C.R., F.R. A.C.R,, The Alfred 
Hospital, Prahran, 3181, Victoria, Australia. 

Dr. G. P. G. Sim, M.B., F.R.C.R,, M.R.C.A., X-ray 
Department, Wellington Hospital, Wellington, New 
Zealand. 

R. W. Stanford, Esq, M.A., F.Inst.P., Department 
of Medical Physics, Royal Perth Hospital, Perth, 
Western Australia. 

The acceptance of a paper for publication in THE 
BnrrisH. JouRNAL oF RADIOLOGY is at the discretion of 
the Editors and is subject to the understanding that the 
material contained in the paper has not already been 
published and is not intended for publication elsewhere. 

'The Editors take no responsibility for the return of 
MSS, prints, etc. submitted for publication. 


MANUSCRIPT. The manuscript should be type- 
written in English on one side of the paper only with 
double spacing and margins of at least 25 mm on both 
sides and at the top. The top copy must be submitted 
together with one duplicate. The address given in the 
title should be that of the department(s) or hospital(s) 
at which the work was carried out. If any author has 
subsequently moved to a new address, this should be 
given as a footnote. Degrees and diplomas of authors 
should be given but not more than three for each author. 
'Tables (numbered I, II, etc.) should be given on separ- 
ate sheets, and each should have a short descriptive 
title. Legends for illustrations, including diagrams and 
graphs, should be set out on a separate sheet, and de- 
noted Fig. 1, 2, etc. The initial letter of trade or propri- 
etary names should be a capital. Mathematical expres- 
sions should be set out very clearly, using printed letters 
rather than script, especially where suffixes and indices 
are involved. 


UNITS, SYMBOLS AND ABBREVIATIONS 
Authors are encouraged to adopt the International 
System of Units (SI) (B.S.1., 1970; W.H.O., 1975) com- 
bined with the special units recommended by the Inter- 


national Commission on Radiation Units and Measure- 
ments (ICRU). Further details are given in Changing to 
the Metric System (H.M.S.O. 1969). The publication 
Units, Symbols and Abbreviations: a Guide for Bio- 
logical and Medical Editors and Authors (Royal Society 
of Medicine, 1977) is thoughtful and critical on this 
subject; authors are strongly recommended to follow 
the detailed suggestions in this guide and to note par- 
ticularly the comments made on the choice of units. 


DIAGRAMS AND GRAPHS. Diagrams and graphs’ 
including numerals and lettering, should be clearly 
drawn in indian ink on white card or blue tracing 
paper. The size should not exceed 355 x 304 mm. In 
general they will be reduced to have a horizontal 
dimension of 76 mm and their scale, thickness of line 
and lettering should allow for this reduction. Photo- 
graphic prints of diagrams can also be accepted. The 
reproduction of graph paper requires the making of 
half-tone blocks and will normally not be acceptable. 
The figure number, author's name and title of article 
should be pencilled lightly on the back of each illus- 
tration. 

Authors of physics papers will find advice on drawing 
diagrams, particularly electrical circuits, in Notes for 
Authors issued by the Institute of Physics and the 
Physical Society in 1976, 


RADIOGRAPHS. Unmounted prints not larger than 
whole plate, 216: 152 mm, and not smaller than half 
plate should be supplied with MSS; if the prints are not 
of sufficiently high standard for reproduction purposes 
the author will be required to submit the original 
radiographs and to defray the cost of making prints. 
Tracings of sections of prints are acceptable when 
necessary for additional clarification. Hospital illus- 
trators and photographers are usually familiar with the 
style of drawing or print which will give the best 
reproduction. 


COLOUR. Drawings or photographs in colour are 
very expensive and are acceptable only if the author is 
prepared to pay the additional cost of block-making and 
printing. 


REFERENCES. The Harvard system is used. In the 
text these should consist of the names of authors and 
the year of publication (in parentheses). When there are 
more than two authors only the first followed by et al. 
should be used. In the bibliography references will be 
given in full and will include the title of the paper and 
the full name of the journal or other publication in 
which the article cited appeared. The references must 
be arranged in alphabetical order, in the following 
form: 


Examples 
Browne, G. L., Aronow, S., and Hing, G. f., 1967. 
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Radioisotope scanning. In Instrumentation in Nuclear 
Medicine, Ed. G. J. Hine, Vol. 1, pp. 381-428 
{Academic Press, New York). 

Watson, A., Russet, J. G. B., and Torrance, G. B., 
1970. Hepatic blood flow and Biligrafin excretion 
during intravenous cholangiography. British Journal 
of Radiology, 43, 248—250. 


ABSTRACTS. Papers (other than case reports and 
technical notes) should be accompanied by an abstract. 
"his abstract is not part of the paper, but is intended to 
jeonvey the content of the paper, to draw attention to 
all new information and to the main conclusions, and 
should be intelligible in itself without reference to the 
paper. An abstract should not normally exceed 200 
words. 


CORRESPONDENTCE. Letters for publication in 
the correspondence section of the journal must be con- 
fined to matters of interest to readers of this journal. 


SHORT COMMUNICATIONS. 'l'hese are reports 
of initial studies in new areas and comments which are 
too speculative or provocative for a normal paper. They 
should be kept as short as possible and will be pub- 
lished with the minimum delay. The Editors reserve 
the right to decide suitability for publication. 
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REPRINTS. Twenty-five reprints of each paper are 
supplied free. Additional copies may be purchased. 


SUPPLEMENTS AND REPORTS. Examples of 
material considered for publication as Supplements or 
in the Report Series are special monographs which are 
too long for publication within the Journal, or detailed 
reports of certain meetings. 
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REFERENCES 

British Standard 3763, 1970. The International System of 
Units (SI), British Standards Institution, London 
(£2-70). 

H.M.S.O. Changing to the Metric System, 4th ed., 1969, 
London (40p). 

ICRU Report 19, 1971. Radiation Quantities and Units, 
ICRU 4201 Connecticut Avenue, N. W., Washington 
D.C. 20008, U.S.A. 

Institute of Physics, 47 Belgrave Square, London, $,W.1., 
1976. Notes for Authors. 
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Book reviews 


Determination of absorbed dose in a patient irradiated by beams of X or gamma rays in 


radiotherapy procedures (ICRU Report 24) 4 
Coronary angiography and angina pectoris 16 
Coronary heart disease: clinical, angiographic and pathologic profiles 23 


Recent results in cancer research. Vol. 55. Cancer active immunotherapy, immunoprophylaxis and 
immunorestoration 28 
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| RADIATION ONCOLOGIST 


Applications are invited for the post of Senior Radiation Oncologist at the Ontario Cancer 
Foundation Kingston Clinic and the Department of Radiation Oncology of Queen's University 
at Kingston. 


The new cancer clinic, which serves a population of 325,000 people in Eastern Ontario, occupies some 
30,000 square feet of space and contains facilities for ambulatory patient care, radiation therapy (including 
both a 20 MeV linear accelerator and cobalt 60 beam therapy), teaching and research. Other support 
services include an independent medical records department, a treatment planning simulator, an A.E.C.L. 
TP-11 computer dedicated to treatment planning, a mould room, and an instrument shop. The research 
facility comprises about 1500 square feet of space for applied research in tumour biology and immunology. 
Appointments to the medical staff of the Clinic are made jointly by the Ontario Cancer Foundation and by 
Queen's University, and the medical and physics staff of the Clinic comprise the Department of Radiation 
Oncology at Queen's University. A fully integrated undergraduate and graduate teaching programme has 
been developed and is being successfully maintained. 


Further details regarding the appointment will be supplied on request. Applications with curriculum vitae 
and the names of three referees should be submitted to: Dr. Stewart Lott, Director, The Ontario 
Cancer Treatment and Research Foundation Kingston Clinic; Professor and Head, Depart- 
ment of Radiation Oncology, Queen's University, Kingston, Ontario, Canada K7L 2V7 
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Next to the highly accurate teletherapy programme 
the TPS offers more. It also provides extensive facilities 
for calculation of brachytherapy plans with needles, 
straight and curved wires and seeds. 

The 'question and answer' mode of operation makes 

processing easy and virtually self-explanatory. 

From the many applicational advantages we just mention 

— correction for tissue absorption 

— correction for oblique filtration 

— automatic source decay correction 

- inherent self-checking on accuracy of source positions 
and dimensions 

— dose information geometrically related to an anatomi- 
cally recognisable point 

This facility is now standard on all TPS equipment. 


N.V. Philips’ Gloeilampenfabrieken 
PCP/Medical Systems Division 
Building OM, Eindhoven, The Netherlands 


Philips Medical Systems 
A Division of Philips Electronic and Associated Industries Ltd 
45 Nightingale Lane.. London SW12 8SX 
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There's far 





more to 
ILFO 








than meets 
the eye. 


You'll know them for their X-ray products. 








Yes, but that's only part of the picture. 


Did you know they make Microfilm products for recording 
computer output and for image retrieval systems in banking and 
industry- even the security recording of the millions of football 
coupons returned each week. 

Pick up any newspaper or magazine and not only are 
ILFORD films and papers likely to have been used for the illustra- 
tions, but ILFORD Graphic Arts materials probably played a part 
in printing them on the page. 

Photographic products as diverse as Surveillance film 
used in banks and high-risk security areas, Nuclear Emulsions, 
Cibachrome Colour Printing materials for professionals and 
amateurs- all come from the international complex that is 
ILFORD. 

And they believe in after sales and technical service to 
support the full range. 


That's why we say there's more to ILFORD than meets 
the eye. 


ILFORD 





X-RAY 


ILFORD Limited Basildon Essex. 





Be MAKE A DIARY NOTE 


... contact Todd Research for details of their 
1978 range of diagnostic apparatus. 


Your letter to Robjohns Road, Chelmsford 
CM1 3DP or telephone call (0245) 62233 will 
meet with prompt attention. When in 
London, you may care to visitthe British 
Hospital Equipment Display Centre at 22 
Newman Street (just off Oxford Street). 









j TODD RESEARCH LTD 


- helping to fly the flag for Britain 


A precision unit 
with high quality image for 
complex tomography 





'This compact and rigid 
self-contained unit for 
precision tomography linear 
in any direction, circular 
movents and zonography. 
The angle of swing and 
exposure time are determined 
by press-button from the 
control desk once the 
direction has been selected 


Complete Bucky 
examinations are simplified 
The Exastratix allows double 
oblique angulations. 

The Exastratix can be 
equipped with an image 
intensifier for TV flouroscopy. 


Full details 
and specifications from 
CGR 
MEDICAL LIMITED 


Astronaut House, Feltham 
Middx. Tel: 01-890 8166 


from 

















The Royal College of Radiologists 


FINAL FELLOWSHIP 
EXAMINATION 


HONG KONG ~ OCTOBER 1978 


A Final Fellowship Examination of the Royal 
College of Radiologists will be held in Hong 
Kong in October 1978, To be eligible to take 
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at least two years a radiological qualification 
recognised by The Royal College of 


recognised department, during which time 
candidates must have obtained the First 
Examination for the Fellowship. 


The written papers will be held on 2nd and 
3rd October 1978 and the oral examinations 
will commence on 16th October 1978. The 


be accepted. 


Further information and application forms may 
be obtained from The Examinations Secretary, 
The Royal College of Radiologists, 

28 Portland Place, London W1N 4DE 








this examination candidates must have held for 


Radiologists; or have trained for three years in a 





closing date for applications is 12th June, 1978, 
and applications received after this date cannot 
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BARAZETTI CRANIOTOME SKULL 
TABLE with tomographic facilities and 
Dynamax 2.0/1.00 mm foci X-ray tube. 


DUAL MAGNA SCANNER 500/D 
RADIOISOTOPE SCANNER with patient 
table. 


DANATOME TOMOGRAPHIC UNIT with 
facilities for linear tomography and ordinary 
Bucky Work. Facilities for hand operated tilt 
from the vertical plane to 15^ Trendelenburg. 


Contact 


NATIONAL HOSPITAL FOR 
NERVOUS DISEASES 
(Superintendent Radiographer), 
Queen Square, London, W.C.1 





— 





Focus on books from Churchill Livingstone 





ATLAS OF GRAY SCALE ULTRASONOGRAPHY 


Kenneth J. W, Taylor 


426 pages 469 half-tones+ 584 line drawings £19:50 


This basic reference covers all normal and abnormal 


ultrasound appearances. Case studies demonstrate the 


clinical backgrounds and ultrasound diagnoses of 


specific conditions, with corroborative studies drawn 
from other modalities, The outstanding feature of this 


book is the superb quality of the scans. 


23 Ravelston Terrace, Edinburgh EH43TL 


CARDIAC CATHETERIZATION AND 
ANGIOCARDIOGRAPHY 

David Verel and Ronald C. Grainger 

Third edition 192 pages 64 pages of plates £13-00 


This book will enable trainee cardiologists to gain 
knowledge of the radiological aspects of 
angiocardiography and radiologists to develop 
experience of cardiac investigation. 


THE RADIOLOGY OF SKELETAL DISORDERS 
Ronald O. Murray and Harold G. Jacobson 
Second edition 2,256 pages 4,500 illustrations 
Three volumes plus fourth summary volume £95-00 





TIC Taylor: Atlas of Gray Scale Ultrasonography £19.50 
...... Verel & Grainger: Cardiac Catheterization and Angiocardiography, 3ed £13-00 
FOR Murray & Jacobson: Radiology of Skeletal Disorders, 2ed £95-00 
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Paediatric ra 
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or detailed info 
5«Niahtinaale Lane. B 


The Junior DIAGNOST system for 
paediatric radiography consists of 
three dedicated units, each designed 
for a specific application: Junior 
DIAGNOST V, Junior DIAGNOST H, 
Junior DIAGNOST T. 


The Junior DIAGNOST V provides 
speed and efficiency in chest exami- 
nations of babies and young children, 
while the Junior DIAGNOST H 
ensures accurate, effortless 
positioning of even the most recal- 
citrant infant. The third unit in the 
system, the Junior DIAGNOST T, is a 
truly practical paediatric tomograph: 


diography without tears 


positive but comfortable immo- 
bilization, combined with very short 
exposure times, provides valuable 
diagnostic information. 


In spite of its outstanding 
performance, the Junior DIAGNOST 
system is not confined to the well- 
endowed paediatric hospital. 


Ashared X-ray tube and generator, 
together with minimum space require- 
ments, make the system a sound 
economic investment for every X-ray 
department confronted with small 
but awkward patients 


Medical 
Systems 








Take a closerlook at 


You'll find they're all made to the same high 
standards. Ask your Kodak Technical Sales Represen- 
tative about 

Kodak 'Lanex' Regular Screens —the rare 
earth screens for all round maximum efficiency when 
combined with Kodak Ortho G Film. 

Kodak'X-Omatic' Cassettes —specially designed 
to expel air on closing and provide excellent film/screen 
contact. 


Kodak Ortho G Film—optimum high contrast 
and excellent information content. Green sensitivity 
matches light-emission characteristics of green-emitting 
screens. 

Kodak RP 'X-Omat' Processor, Model 101— 
low cost, low noise, high speed automatic processing witi 
cold water wash. 

Kodak ‘X-Omatic’ Identification Camera 
Model X-1-L —allows the radiographer to record patient 
data on the radiograph at the point of exposure. 


REPLENISHER DEVELOPER 
Ax — DEV 


Kodak RP X-OMAT Processor 


DAYER "te 





these Kodak products. 


Kodak‘Min-R’ Screens and Films—the fast,high Representative is well up-to-date with new developments 


definition film/screen combination for mammography, in all areas of diagnostic imaging. 

using rare earth phosphors. Ring your nearest Kodak Sales Centre whenever 

Kodak RP ‘X-Omat’ Processor, Model M6A-N you need information or if you need to contact your 

our fastest automatic processor, delivering roll and Kodak Representative: 

sheet film at 167.64 cm per minute. In the Republic of Ireland, ring Dublin 973316; 
Along with each of our high quality products Scotland, Glasgow 248 4071;the North, Manchester 


cornes our promise of service, help and advice when you 236 7181;the Midlands, Birmingham 643 8733; the South, 
need it, especially on the topic of quality control within London 01-405 7841;the West, Bristol 298121. 
your processing area. Your Kodak Technical Sales 


Kodak.We care about your image. Kodak 
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TOMOSCAN 200 Trans atio TOMOSCAN 300 Jitra-fast 
Otation scanner witt 30 BGO rotation-only with 288 Xenon 
an times of detectors giving an ultra fast 2 
nd 20 seconds; ideal for all second scan; a universal ct scan 
j "'euroradiological and interr 1l ner for fast patient throughput 
rapy planning and aime medicine applications features Short-time total body neuroradio 
hecking; choice of recon struc tiltable gar try and choice of scan logical and paediatric applications 
uon matrices ergonomic design ning field; extended facilities for artefact-free abdomen and 
for ease of Operation image analysis and "LETS TE TTeT T] I: ViTo T4] thorax examination. free access 
lo patient from 3 sides contrast 
medium examinations and direct 
enlargement of field of view 


For detailed information write to Philips Medical Systems Ltd 
45, Nightingale Lane Balham, London SW12 8SX, UK, or 
Philips Medical Systems Division Eindhoven, The Netherlands 








gned specifically to covę 

from neuroradiological to shọ 
paediatric applications k 
TON OSCAN 100 combines flexibility W ' 

or 45-second scans, while the versatile TO 
200 with its 20-second scan is ideal for all neuro 
radiological and internal medicine examinations AE 
For a minimum of movement artefacts there i§ themi 
TOMOSCAN 300, with a 22 second rotation scan faf 
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ACTON TECHNICAL COLLEGE 

Computers 

in Hospital 
Service 


A short series of evening lectures dealing 
with the application of computers to 
hospitals. 


Topics include: 
Computer Systems, Computer Manage- 
ment, Software, X-ray Scanner, Future 
Developments. 


Wednesdays 6.30—8.30 p.m. starting 22nd 
February. Fee £15. 


Further information and reservations — 
contact M, Grimshaw or D. J. Richardson, 
Acton Technical College, High Street, 
Acton, London W3 6RD or Telephone 





| 











Royal Free Hospital School of Medicine 
and institute of Cancer Research 
(University of London) 


MSc IN MEDICAL IMAGING 


Applications are invited for the above course on the 
formation, perception and analysis of images of bio- 
logical structures in medicine. The part-time course, 
lasting two calendar years, will start in October 1978 
and is suitable for those working in hospitals or in 
employment with medical interests. 


Applicants should normally have a First or Second 
Class Honours in physics, mathematics or a physical 
science at a first degree of the University of London or 
another degree accepted as appropriate for this pur- 
pose, but in exceptional circumstances graduates in 
medicine would be admitted to the course. 


The course consisting of lectures, seminars and 
practical work in the laboratory will be given by staff 
of the two participating institutions, and courses on 
specialised topics will also be given by staff from 
other institutions in the London area. 


Further details of the course including examination 
arrangements and a syllabus; and application forms 
for admission to the course may be obtained from: 
Prof. H. A. B. Simons, Academic Dept. of 
Medical Physics, Royal Free Hospital, Pond 
Street, London NW3 20G. 











| 01-993 2344 Ext. 2129/2374. 
| 














Applications are invited for the post of Senior Radiation Oncologist at the Ontario Cancer 
Foundation Kingston Clinic and the Department of Radiation Oncology of Queen's University 
at Kingston. 


f 
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| 

| The new cancer clinic, which serves a population of 325,000 people in Eastern Ontario, occupies some 
| 30,000 square feet of space and contains facilities for ambulatory patient care, radiation therapy (including 
| 








both a 20 MeV linear accelerator and cobalt 60 beam therapy), teaching and research. Other support 
services include an independent medical records department, a treatment planning simulator, an A.E.C.L. 
TP-11 computer dedicated to treatment planning, a mould room, and an instrument shop. The research 
facility comprises about 1500 square feet of space for applied research in tumour biology and immunology. 
Appointments to the medical staff of the Clinic are made jointly by the Ontario Cancer Foundation and by 
Queen's University, and the medical and physics staff of the Clinic comprise the Department of Radiation 
Oncology at Queen's University. A fully integrated undergraduate and graduate teaching programme has 
been developed and is being successfully maintained. 














Further details regarding the appointment will be supplied on request. Applications with curriculum vitae 
and the names of three referees should be submitted to: Dr. Stewart Lott, Director, The Ontario 
Cancer Treatment and Research Foundation Kingston Clinic; Professor and Head, Depart- 
ment of Radiation Oncology, Queen's University, Kingston, Ontario, Canada K7L 2V7 
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Your kit starts with any of our three simple one-step preparations 
which combined with our new Sterile Technetium-99m Generator offers 
a complete package for liver, lung, bone and brain scintigraphy. Later 
we will be adding more kits to our range. 

All our kits are tested extensively in clinical trials which include 
the use of other technetium-99m generators as well as our own. All are 
terminally sterilized and every batch is animal tested. 











Agent for Bone Scintigraphy i 
Our Technetium (MDP) Agent gives you the best skeletal visualization UE 
available today. The high bone uptake and rapid clearance from blood 4 
and soft tissue makes this superior to other bone agents giving better 
definition and improved discrimination. pu 


New Agent for Lung Scintigraphy BE —— a 
Our new Technetium (MAA) Agent offers Pl Ry 

detailed lung visualization, with no interference | = ee Ans 

from the liver. Particle size is strictly controlled with 


the majority in the range of 10-80. d lá = Se B x 2 
New Agent for Liver Scintigraphy — |. 

The latest addition to our = | 
range isthe unique Technetium AED — : 


(tin colloid) Agent. Its preparation 

is much simpler than sulphur 

colloid agents and requires no 

heating stage. It will visualize liver 

and spleen and unlike agents 

based on phytate, the colloid is \ 
formed in the vial, allowing i 
quality control checks prior to 
injection. 


- 
ve 
The Radiochemical Centre 
Amersham 


The Radiochemical Centre Limited, Amersham, England. Tel: Little Chalfont (024 04) 4444, 
in W. Germany: Amersham Buchler GmbH & Co, KG, Braunschweig. Tel: 05307 -4693-97. 


This is the only 
£2,500 free 

pocket densitometer 
on "- market.. A 





available until @ 
March 1978. 


Details from John Harris, 
actina X-ray division, 01- 908 1536 


| Suppliers of Gia x -ray fim 


Check the 


THERAC 6 


Linear Accelerator (6 MeV photon) 


— it may be exactly right 
for you — ASK US! 






Atomic Energy 
of Canada Limited 


Commercial Products 


P.O. Box 6300, Ottawa, Canada, K2A 3W3 
Tel. 613/592-2790 * Cable Nemota * Telex 053-4162 


77.5M 


Mamm 
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HILIPS 


The importance 

of mammography 

as a means of detecting 

female breast abnorma- 

lities - early and accurately - is 

well-known. 

Philips’ Mammo DIAGNOST provides 

an elegant and effective solution to 

the problems inherent to radiographic 
examination of the breast. For in addition to 
optimum image quality, automatic exposure 
control and fast, simple operation, the Mammo 
DIAGNOST features multi-positional beam 
projection so that the patient, whether standing, 
sitting or recumbent, need not be moved. 


PHILIPS 


"or detailed information on Philips Mammo DIAGNOST, write to Philips Medical Systems Ltd. 


12 26X LK as Dhiline Madi ue tom i cinco 
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In lumbar and thoracic myelography 


Amioaque 


metrizamide 


anew principle in x-ray contrast media. 





@ water-soluble @ greater safety and less 


discomfort for the patient 
@ non-ionic 


@ good tolerance, especially 
with regard to epilepto- 
genic effects 


@ low osmolality 


@ detailed diagnostic 


information @ laie sequelae unlikely 


@ good correlation between to occur 


radiological and operative 
findings 





Controlled clinical trials and the routine use of AMIPAQUE in more 





than 100000 patients have confirmed the excellent tolerance of Nana a ) 
AMIPAQUE. Cay 
AMIPAQUE is available from your usual Vestric branch. NYEGAARD 





For further information on Name: _ 





AMIPAQUE please contact: 
Vestric Limited 

Hospital Department Address: 
Chapel Street 

Runcorn, Cheshire WA7 SAP 


Inst.: 











T----------T---4 


AMIPAQUE is a registered mark 
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Now you have a choice... 
for the right performance at the right price 


DCA X-ray monitors 


Now DCA has two ways 
to satisfy your requirements 
for an x-ray monitor and do 
it in a way that also satis- 
fies your budget. 


The well received DCA 
1015C and the new DCA 
1025C. 


Both portable instru- 
ments have unbeatable fea- 
tures, 


The original - the 1015C 
measures exposure, expos- 
ure rate, pulse width and 
pulse exposure with a flat 
response over a wide ener- 
£y range. When introduced 
it unveiled a significant 
breakthrough. For the first 
time pulse width and 
pulse exposure were mea- 
sured simultaneously. And 
by a single ion chamber. 
Here at last, was the all 
in one unit. 


The probe is made up 
of an electrometer and 
interchangeable ion cham- 
ber on a 20-ft. cable. In- 
probe analog -to- digital 
conversion eliminates most 
cable noises. There are four 
plug in ion chambers avail- 
able, separately, which can 
broaden monitoring ranges 
to cover: exposure from 
.002 mR to 999 R:;exposure 
rate from 1 mR/hr. to 
59940 R/hr; pulse exposure 
from .033 mR to 13 R; and 
pulse width from 1 ms 
to 99.9 s, 

Introducing -the 1025C 
a lower cost instrument 


PI - 


CORPORATION 
OF AMERICA 





for exposure and exposure 
rate monitoring only. It 
never-the-less shares the 
same outstanding features 
of the 1015C. Standard at 
no extra charge are auto 
ranging over the full mea- 
surement capability, auto- 
matic zeroing, automatic 
temperature compensation 
with a panel control for 
barometric pressure changes 
and a liquid crystal dis- 
play. 

Options include: a cal- 
ibrated analog output for 
radiation wave form display 
on a oscilloscope without 
extra circuitry; a test sig- 
nal for self checking per- 
formance integrity; cable 
disconnect; and a computer 
interface. 

Want to know more? 
Telex or write us for full 
details. 


6106 Interstate Circle Cincinnati, Ohio 45242 (513)793-6051 Telex 214-648 


True qualities that 
come as a revelation 


Conray 
contrast 
media 





The dependable qualities and wide scope of 'Conray 
contrast media have been clearly demonstrated throughout 
many years of use in the field of radiodiagnosis 

'Conray' offers a choice of formulations designed to 
provide wide margins of safety and comfort for the 
patient together with optimum visualization in à 
comprehensive range of procedures and techniques 


'Conray* contrast media are formulations of meglumine 
iothalamate, sodium iothalamate or combinations of 
the two 


*trade mark of Mallinckrodt Inc 


Further information is available in the data sheet 
May & Baker Ltd Dagenham Essex RM10 7XS 


nae A member o! 
&Baker the Ahne- Poulenc 
May Group of Compames 


MAE 





XX 


Formatron 


I he Formatron consists of 93 

parallel anodised light alloy needles 
mounted between precision rollers. 
[hese rollers allow the needles to 
move freely and adjust acc urately 
to the patient’s profile. They are 
easily locked in position and when 
removed provide a perfect contour 
of the patient’s outline. 

A single Formatron may be used 
for small profiles. However, for a 
whole body contour, three 
Formatrons, mounted on a bracket 
assembly can be used. The three 
Formatrons can also be mounted 
on to an adjustable stand as 
illustrated and can be used in the 
Planning Room while the patient 
is in the supine position. 


Iridium 192 wire encapsulator 


The T.F.M. Instruments 
Limited Iridium 192 Wire 
Encapsulator has been designed 
to safely load and seal accurate 
lengths of 0.3 mm diameter 
Iridium 192 Wire into 
plastic tubing. Any length 
of wire trom 5 mm to 300 mm 
can be cut and encapsulated in the 0.88 mm 
diameter technyl nylon tubing. The cutting and 
encapsulation is carried out behind 55 mm thick lead blocks 
which protect the operator throughout the entire loading procedure. 
[he encapsulated wire is then transferred to a carrying safe. This 
safe may be used for storage or transport of up to ten lengths of encapsulated wire. 


T TEM Instruments Limited 


Gatwick Road, Craw ley, Sussex, RH10 2RG, E ngland Tel 0293 31244 
Telex: 87397, Grams: TESTM ENT CRAWLEY 








- THE INSIDE STORY 


Kontron/Roche are about to launch the scanner enables the radiologist to 
an entirely new portable real-time observe a continuous grey scale 
ultrasonic scanner as an aid to moving picture of sections of the 
medical diagnoses. Called Axiscan 5, patient's internal anatomy. 




























For demonstrations and full Kontron Instruments Limited, 
information about this scanner, PO Box 188, Watford WD2 4YX, 
please complete the coupon below or telephone Dr Hargreaves at 
and post to Dr. Peter Hargreaves, Watford (0923) 47666. 


Please contact me to arrange a demonstration of Axiscan 5 * 


Please send me further information about Axiscan 5 * 
* delete as appropriate 













Telephone number -sse esee se eeren eee bb Kamea d eee ee etie we 


BY 4 KONTRON 
IX serving hospitals throughout the world 
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NORTH WEST THAMES HEALTH 
AUTHORITY 
with ACTON TECHNICAL COLLEGE 


A Symposium 


Radiation Protection 
in Hospitals 


On July 5, 1978, at Edward Lewis Lecture 
Theatre, The Middlesex Hospital Medical School. 


Topics to include: 


BASIC PHYSICS, DOSIMETRY, 
BIOLOGICAL EFFECTS, 
DESIGN OF DEPARTMENTS, 
MEASURING EQUIPMENT, 
LEGISLATION SAFETY 
OFFICERS 


The Symposium commences at 9.30 a.m., closes 
at 4.45 p.m. The fee inclusive of lunch, etc., is £10. 
Cheques, payable to London Borough of Ealing, 
should be sent (by June 16, 1978 at latest) to 
Accounts Office for the attention of M. Grim- 
shaw, Symposium Organizer, Acton Technical 
College, High Street, London W3 6RD. Tel. 
01.-993 2344, ext. 2129 or 2373. 














UNIVERSITY OF BRISTOL 


A two-day course for consultants and senior 
registrars on 


TUMOUR RADIOLOGY 


will be held on Monday and Tuesday, 10th and 
11th April, 1978. Established and new 
techniques in radiological investigation will be 
discussed and emphasis will be placed on the 
relevance of radiology to clinical management. 
Subjects and speakers will be: 

Primary Colonic Polyp Detection and Cancer 
Prevention (Dr J. Beales), Scanning the 
Skeletal (Dr E. R. Davies), Rhabdomyosarcoma 
in Childhood (Dr I. R. S. Gordon), Dr M. G. 
Mott), Radiological Investigation of 
Obstructive Jaundice (Dr D. J. Nolan), 
Carcinoma of the Prostate (Dr J. Roylance, 

Mr C. Gingell), Ultrasound in the Investigation 
of masses within the Abdomen (Dr F. G. M. 
Ross), Acoustic Neurinomas (Dr J. L. G. 
Thomson, Mr A. R. Maw), The Diagnosis of 
Bone Tumours (Dr I. Watt). 

Course fee £25. 

Accommodation is available in a University Hall 
of Residence close to the University Union at 
£6 per night. 

Enquiries and applications to Miss D. Taylor, 
Department of Radiodiagnosis, The Medical 
School, University Walk, Bristol BS8 1TD. 














TOWNSVILLE HOSPITALS BOARD, QUEENSLAND, AUSTRALIA 


STAFF RADIOLOGIST (RADIOLOGY SUPERVISOR) 


Applications are invited from suitably qualified radiologists for the above position. 


Townsville General Hospital is a busy, acute hospital of 613 beds with a full-time medical staff of 51 
(including eight staff specialists) and a part-time consultant staff of 33, serving a city population of 
90,000 and a region of 150,000. 


The Radiology Department is located in a modern, air conditioned building and conducts 25,000 examina- 
tions annually, with 3,500 procedures. Ultrasonic equipment is on order. 


Future developments envisage the construction within the next two/three years of a new building to bring 
the total beds to 800 and will include a new Radiology Department of ten units. Provision of C.A.T. 
Scanner is foreshadowed. The Radiology Supervisor would play a major role in the detailed planning of 
these developments. 


Townsville General Hospital will ultimately achieve Teaching Hospital status in conjunction with a 
Medical School to be initiated at James Cook University of North Queensland. 

intending applicants are invited to write to the Medical Superintendent for a more detailed description of 
the position. 

Conditions of employment will be in accordance with those prescribed by the State Department of Health 
for full-time Medical Officers in Queensland Public Hospitals. Present rate of remuneration is $977.00 per 
fortnight minimum to $1,192.80 per fortnight maximum over 7 years, The successful applicant will be 
required to contribute to the State Service Superannuation Fund. 


Applications in writing, stating full particulars of age, marital status, qualifications and experience and 
accompanied by copies of testimonials or the names of referees are to be submitted to the 


Manager, Townsville Hospitals Board, Eyre Street, Townsville, 4510, Queensland, Australia. 
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Image store and enhancer 


The TH 7501A is a brand-new, 
high performance video-signal store from THOMSON-CSF, 
destined for inclusion in medical television systems. 
It can be used: 
e to store a simple TV image for prolonged investigation, 
e to freeze a single TV image out of a rapidly changing sequence, 
e to integrate several successive TV images for random-noise reduction, 
edge enhancement, and contrast improvement. 


N 


e 
THOMSON-CSF 


RIALS LTD. / RINGWAY HOUSE / BELL ROAD / BASINGSTOKE RG24 OQG 
TEL.: (0256) 29.155 / TELEX: 858865 


THOMSON-CSF COMPONENTS AND MATE 





€innouncing the MODULEX 


Radiation 
Therapy 
Planning 


Basic Oncology System 


... planning for 
the future 


artronix 


ae erate 
INCORPORATED 





The first truly multi-purpose treatment 
planning system, the Artronix MODULEX™ 
exceeds the performance of dedicated 
computers while combining convenience 
and flexibility in a multi-tasking system 
One of many configurations to be offered, 
the Basic Oncology System is designed for 
practicality today and limitless expansion 
tomorrow. 


Software Features 


m MX/OS multi-tasking operating system 
simultaneously supporting both MUMPS 
and FORTRAN 

m Multi-User — two simultaneous tasks; 
many more by option 

m Modular system and application soft 
ware that will grow with technology. 

m Single, unified program for calculating 
and combining doses contributed by 
external photon and electron beams 
plus linear source and seed implants. 

m Uses standard OCR, TAR, TMR and 
Percent Depth Dose tables of beam data 

m Unlimited number of bean linear 
sources and seeds may be used per plan 

B Accepts multiple transverse contours for 
coplanar planning 

@ Simultaneous printing or plotting 

m Tumor Registry Program allowing cus 
tomized data base formatting 

8m Optional Computer Controlled Dosime 
try, Record and Verify, and Patient 
Scheduling. 


Hardware Features 


m Modular, Multi-bus, expandable hard 
wart 

m High speed, 16 bit CPU with 128K 

bytes of 480 nanosecond semiconductor 

memor y 

Bright, Dual Video Display—9600 baud 


characters on the left screen, video 


jraphics on the right 


@ Light pen and function keys 

m Dual 5 megabyte disk cartridg 

B Separate 30 cps printing terminal 

m Desk mounting with convenient work 
ing area 

m Optional computer controlled water 


phantom and/or densitometer 
m Optional buses, CPU's, memory, disks, 
and terminals. 


For additional information, call or write: 
Artronix, Incorporated 

1314 Hanley Industrial Court 

St. Louis, Missouri 63144 

TEL: (314)968-4740 

TWX: 910-769-1678 
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For full details request Brochure No. 116 


NUCLEAR ENTERPRISES LIMITED 
eN: , EH11 4EY Scotland, Tel: 031-443 4060 Telex: 72333 
Nuclear, A 
North America—EM! Medical Inc. 
Drive 


3605 Woodhead 
. Northbrook, Illinois 60062 Tel (312) 291 4444 
Telex 289450 


An ultrasonic scanner with automatic 
patient data display and motorised 
operation of the scanning frame. 


P, 








WANTED 


DIAGNOSTIC 
RADIOLOGIST 


| 

| 

i 

| 

| required for group in large western Canadian 

| oity. Training in ultrasound, mammography and 
| Nuclear Medicine an asset. Private clinic 

| practice and hospital affiliation. Please reply to 
| Box No. 7, British Journal of Radiology, 

| 32 Welbeck Street, London W1M 7PG. 


| British Journal of Radiology 
| 


All enquiries for space should be addressed to: 


Advertisement Department 

The British Journal of Radiology 
24a Litchfield Street 
London WC2H 9NX 
Tel. 01-836 5281 
Telex 265972 
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W. S. ROTHBAND & CO. 


Telephone 061-834 1303 
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UNIVERSITY OF LEEDS 


A Course in 


GASTROENTEROLOGY FOR 
RADIOLOGISTS 


will be held at 
ST. JAMES'S UNIVERSITY HOSPITAL 
LEEDS 


Monday 17 April to Friday noon 21 April 
1978 





The Course is designed for Consultants, Senior 
Registrars and Registrars who wish to sub-specialize 
in gastroenterology. It will have a sizeable clinical 
content and will emphasize special procedures. 


The fee for the Course is £50 and attendance will be 
restricted to a maximum of 50 participants. 


Residential accommodation can be arranged if 
required at a central hotel. 


Full details together with programme and application 
form can be obtained from Dr. J. B. Lynch, Post- 
graduate Dean, Littlewood Hall, Leeds General 
Infirmary, Leeds LS13EX. 
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DOUBLE-SIDED APRON 


Shoulder fastening, with push-in-clip 
(OR if “Velcro” is preferred please state 
on order) 





Fig.4625A  0.25mm le. 33in.long (84cm) 
Fig. 4625B8 0.25mm Le. 36in.long (91cm) 
Fig.4625C 0.25mm Le 39in.long (99cm) 
Fig. 4654A 0.35mm Le. 33inlong (84cm) 
Fig.4654B 0.35mm Le. 36in.long (91cm) 
Fig.4654C 0.35mm Le. 39in.long (99cm) 
Fig. 4654D 035mm Le. 42in.long (107cm) 
Fig. 3853A  0.50mm Le. 33in.long (84cm) 
Fig.3853B 0.50mm Le. 36in.long (91cm) 
Fig. 3853C 0.50mm Le. 389in.long (99cm) 
Fig.3853D 0.50mm Le. 42in.Jong (107cm) 
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Swivel-clip "Dog-Lead" or "Velcro" side 
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Foam padded shoulders. 
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fitting 21in. (53cm) also available. 

21 Elizabeth Street 
Manchester M8 8WT, England 





Established 1860 








xxvii 


_ The Consultant's 
iagnosis resulted in an 


excellent prognosis. 


“This will be a great aid to the work of the 
y Department” he said of the Barr & Stroud Rapid Cassette 
Changer. Its major feature is that it enables 5 serial 

angiographs to be taken in 5 seconds. 

For full details use the journal reply system or call us, 
Barr & Stroud Limited (Dept. BJR r), 1 Pall Mall East, 

London SW1Y 5AU. 

Telephone 01-930 1541. Telex 261877. 


Rapid Cassette Changer SQ13 

Although manually operated this Changer enables 
one exposure per second to be achieved easily, in 
either plane. 

Designed for use on Schonander or Barazzetu 
skull units it can be used on others with suitable 
modifications. 

Our mounting ensures vibration free 
operation and the chamber design compensates 
for divergence of the X-ray beam. 

The ‘L’ design of the unit allows lateral 
or AP views to be taken without needing to 
reposition the patient’s head. 

Strongly constructed in alloy witha 
white perspex overlay the SQ 13 measures 
53 X 48 x 46 cm., weighs 17 Kg empty and 

48 Kg when loaded with 5 cassettes. 













Barr & Stroud 


Add us to your resources 


MEDICAL AND SCIENTIFIC INSTRUMEN TATION 
ELECTRONIC FILTERS. OPTICAL FILTERS 
FIBRE OPTICS. LASERS 


The Sirecon range of image The Sirecon range is ideally suited 
intensifiers brings you outstanding to indirect radiography for the varied 
resolution over small areas — and large. case-load of a busy X-ray department. 

A combination of input screen It'll mean more efficiency, more 
diameters from 17-30 cms, with or reliability in yours. 
without zooming, means you can see For full product information write 
as little as you need — or as much as to: Siemens Ltd., Medical Group, X-Ray 
you want. Division, Siemens House, Windmill Road, 

And caesium iodide input screens — Sunbury-on-Thames, Middx TW16 7HS. 
give high absorption, high resolution. Telephone: 09327 85691. 


Perfect resolution over any 
image area. Siemens. 
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Echoview System 80L 
LAMINOGRAPH 





The Picker contact B-Scan System is 
designed for simplicity of operation whilst 
producing the finest quality clinical images 
possible. 

The equipment is neatly styled, with 
logically grouped controls and indicators and 
a remote hand control. It is available with 
EDC (Echo Dynamic Control), a high grade 
Grey Scale imaging device, or as a standard 
bistable svstem. 

An extremely light scanning arm reduces 


Pia T 





operator fatigue to a minimum and offers the 
advantage of scanning patients in any 
position; prone or supine, sitting or standing. 
Echoview System 80L has a complete range 
of image recording equipment which 
includes Polaroid and 70mm cameras, 
multi-format camera, Grey Scale video hard 
copy recorder and video tape cassette 
recorder. A full range of scanning 
transducers is also available enabling 
maximum performance for each application. 
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ABSTRACT 

The radiological investigation of neurosarcoidosis is 
discussed in relation to a series of 32 patients presenting to a 
neurological hospital, Cranial computed axial tomography, 
performed in 13 of these cases, was the most frequently 
positive procedure (77%). The indications for air studies are 
now limited but in cases with nerve or chiasmal syndromes 
and negative CA'T they may show small mass lesions, or in- 
complete filling of basal cisterns due to granulomatous in- 
filtration or fibrosis. 

Sarcoid masses are avascular and angiography is only 
useful for exclusion of incidental tumours with pathological 
circulation. 

Cord syndromes were present in eight cases, but myelo- 
graphy was only indicated in five of these and was normal in. 
three. The cord may be involved by intra-medullary granu- 
lomas or meningeal infiltration causing arachnoiditis, both of 
which cause myelographic abnormalities though these are 
not specific for sarcoidosis. 


The diagnosis of sarcoidosis is established when 
typical non caseating granulomas are associated with 
a characteristic clinical or clinico-radiological syn- 
drome. Tissue is commonly obtained by biopsy of 
enlarged lymph nodes, suspicious skin or lung 
lesions and the liver from which positive material has 
been obtained in approximately 5095 of cases in 
some series (Smellie and Hoyle, 1957). The Kveim 
test is positive in a high percentage (65-909) of 
sarcoid cases in the active phase, but in a much 
smaller proportion of apparently resolved and in- 
active cases (Scadding, 1967) and those on treatment 
with corticosteroids (Mankiewicz et aL, 1971). 
Sarcoid granulomas have been found in the menin- 
ges or central nervous system in up to 14% of 
autopsies in cases of systemic sarcoidosis (Ricker and 
Clark, 1962). Most of these are silent, the incidence 
of clinical manifestations varying between 1-2% 
(Askanazy, 1952; Scadding, 1967; Silverstein et al., 
1965) and 895 (Mayock et al., 1963), most authors 
finding clinical abnormalities in between 3 and 5% 
(Sands and Riley, 1942; Walker, 1961; Wiederholt 
and Siekert, 1965; Douglas and Maloney, 1973; 
Snyder et al., 1976). 
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The sarcoid tissue is most commonly found in the 
basal meninges causing nodular granulomatous 
masses or adhesive meningitis, manifest clinically by 
cranial nerve palsies, which are usually multiple, 
and/or hydrocephalus due to basal cistern block or 
obstruction of the outlets of the fourth ventricle 
(Jefferson, 1957; Matthews, 1965). Less frequently 
the meninges elsewhere are affected, especially those 
of the spine, which may cause root lesions or pain. 
Sarcoid granulomas within the parenchyma of the 
brain, optic nerves and/or chiasm or spinal cord 
(Wood and Bream, 1959) are less common and cause 
similar clinical features to those of any other tumour. 
They are usually peripheral, suggesting direct ex- 
tension from the meninges (Askanazy, 1952). 

The granulomas tend to be perivascular and may 
extend into the adventitia and media of smaller 
vessels. Thrombosis has not been shown, but 
narrowing may be sufficient to precipitate infarc- 
tions (Reske-Nelson and Harmsen, 1962; Urich 
1967; Herring and Urich, 1969; Douglas and 
Maloney, 1973). 

Opportunistic infections may also complicate 
sarcoidosis (Scadding, 1967; Bosch et al., 1976). 

Chronic basal meningitis and/or hypothalamic 
syndromes occurring in cases of systemic sarcoidosis 
are typical enough to indicate extension of the 
disease to the central nervous system, if tuberculosis, 
which may complicate sarcoidosis (Hopkins, 1973) is 
excluded. Even when these syndromes are the pri- 
mary manifestation, sarcoidosis is a sufficiently 
common cause to be considered in differential diag- 
nosis. Other neurological lesions and raised intra- 
cranial pressure may need investigation to determine 
their precise cause and to decide if there is need for 
local therapy in cases of established sarcoidosis. If 
such lesions present initially they may demand in- 
vestigation on their own merit. 
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Neuroradiological studies in sarcoidosis are mainly 
recorded in individual cases with positive findings or 
reviews of small series (De Morsier et al., 1954) 
Bannerjeee and Hunt, 1972; Kirks and Newton, 
1972; Brutec-Mikes et al., 1976; Daum et al., 1965; 
Erikson ef al., 1942; Robert, 1962; Semins et al., 
1972). We considered that it would be of interest to 
analyse a large series of cases presenting to a special- 
ized neurological hospital, especially to assess the 
contribution of neuroradiology to diagnosis. 


MATERIAL AND METHODS 
The records of all cases of sarcoidosis which had 
attended The National Hospitals for Nervous 
Diseases were reviewed. Those with any evidence of 
meningeal, cranial nerve or parenchymal involve- 
ment were selected and the neuroradiological studies 
of these cases were analysed. 


RESULTS 

Details of our 32 cases are set out in Table I. 

There were 14 males and 18 females, age range 
22-66 years, averaging 36 years. Twenty-six pa- 
tients were caucasian, four negro and two were 
Guyanian indians. They were divided into two 
groups: A, those with an established diagnosis of 
previous systemic sarcoidosis at the time of menin- 
geal or central nervous involvement—ten cases; B, 
presenting intially with the neurological 
syndromes—22 cases. 

In Group A, the interval between the primary 
presenting features and symptoms of meningeal in- 
volvement was two months to 12 years, average 5-2 
years. In Group B, systemic sarcoid was discovered 
at the initial routine clinical and chest X-ray examina- 
tions in 11 cases; it occurred after intervals 1-5 years 
in eight other cases and the Kveim test was positive 
in another one. In two patients the disease was still 
confined to the central nervous system at the time of 
the last follow-up. Histological proof was obtained 
by biopsy from a lesion in 16 cases and from a Kveim 
test in 16. There was no histology in five cases in 
which the diagnosis was supported by strong clinical 
and cumulative indirect evidence. Neurosarcoidosis 
frequently runs a benign course with an unpredict- 
able, but sometime gratifying response to steroid 
therapy. Therefore biopsy of nervous or meningeal 
tissue is often unjustifiable and actual histological 
evidence of neurosarcoidosis was only obtained in 


those 


seven cases. 

The principle neurological findings in the two 
groups are set out in Tables II and III. The pre- 
dominance of cranial nerve palsies due to basal 
meningitis is a well known feature of the disease, but 


diabetes insipidus occurred in only one of our cases 
and there were no other patients with hypothalamic 
or pituitary involvement in this series In most cases 
there were multiple abnormalities, not only because 
basal meningitis frequently affects many cranial 
nerves and causes hydrocephalus, but also the paren- 
chymal lesions were often accompanied by menin- 
gitic lesions. When multiple lesions occurred without 
increased intracranial pressure a diagnosis of 
multiple sclerosis was often suggested and appeared 
to be confirmed when, as frequently happened, 
cranial nerve lesions were intermittent. 

The radiological examinations performed in these 
cases and the results are shown in Table IV. 

The one abnormal skull X ray showed an erosion 
of the occipital bone extending into the foramen 
magnum (Fig.1) which did not change during 18 
months follow-up on steroid therapy. This patient 
was a 42-year-old woman with typical pulmonary 
and skin lesions and a positive Kveim test. She had 
multiple cranial nerve palsies and evidence of basal 
meningitis with hydrocephalus on CAT and pneu- 
moencephalography. The skull lesion was not sub- 
mitted to biopsy. 

The CAT findings are set out in Table V. 

In cases 16 and 28 which are discussed later, there 
was a peripheral intracerebral mass of slightly greater 
than brain attenuation which enhanced homogene- 
ously (Figs. 2 and 3). Computed tomography showed 
dilatation of the ventricular system in seven patients. 





Case 8. 


Skull. Townes projection. There is destruction of the left 
side of the occipital bone adjacent to and extending into the 
foramen magnum. There is no re-active new bone formation. 


Fic. 1. 
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TABLE I 
Case 
Group | Age |Sex Tissue diagnosis Neurological manifestations Other manifestations 
1A 44 | M | Skin biopsy -- ve | Peripheral neuritis Skin infiltration 
Nerve biopsy — «ve | Pseudo bulbar palsy 
Spastic paraparesis 
2B 24 F | Kveim -ve | Painful eye movements Cervical lymphadenopathy 
Optic neuritis Enlarged peribronchial nodes | 
Episcleritis i 
3B 37 | M | Kveim -ve | Trigeminal neuralgia Choroidoretinitis 
Blurred vision Hypertension 
Retinal vein thrombosis ] 
4A 57 M | Liver biopsy + ve | Sacral nerve root lesions Mediastinal and hilar adenopathy | 
6B 22 M | Node biopsy 4 ve | Spinal cord lesion—probably Generalized lymphadenopathy | 
ischaemic hepatomegaly 
7B 33" | F | Kveim +ve | Bilateral facial palsy Bilateral uveitis 
Bilateral hilar ademopathy | 
Pulmonary infiltration 
8A 35 F | Kveim ve | Multiple cranial nerve palsies Skin infiltration 
9A 30 | F | Kveim “ve | Paraesthesia Nasopharyngeal sarcoid (1963) | 
Blurred vision Mediastinal hilar nodes 1963-70 
Ataxia Chest clear 1975 
10A 54 | M | Scalene node Dysphagia Liver involvement 
biopsy +ve | Multiple cranial nerve palsies Skin lesions, uveitis 
Liver biopsy ve 
11B 51 F Multiple cranial palsies, ataxia, Retinopathy, hypercalcaemia, 
headache, dysartria, chronic Febrile episodes, uveitis 
papilloedema Mantoux -= Vve 
12A 22 F | Kveim ^ve | Multiple cranial nerve palsies. Erythema nodosum 
Weakness L. arm Hilar nodes 61—-clear 75 
13A 37 |F Headache, multiple cranial nerve Erythema nodosum 
palsies Enlarged hilar nodes which 
regressed in 2/12 
14B 32 F | Node biopsy -ve | Spastic paraparesis Hilar mediastinal adenopathy 
Pulmonary fibrosis 
15B 30 | M | Meningeal biopsy Headache, epilepsy, confusion Nil 
outlet IVth 
ventricle bve 
Kveim ive 
16B 24t | F | Mediastinal node Headache, diplopia, seizures, Enlarged hilar and mediastinal nodes 
biopsy tve paraparesis Enlarged axillary nodes 
17B 44 F | Kveim ve | Headache, giddiness, diabetes Enlarged hilar and mediastinal nodes 
insipidus, diplopia two years 
18B 35 F | Kveim bve | Bilateral facial palsy, papilloaedema | Hilar lymphadenopathy one year 
Nerve biopsy ve 
19B 40 F L. paraesthesia, quadriparesis, Nil 
multiple cranial nerve palsies | 
CSF lymphocytes 200 | 
Improved with steroids | 
20B 47 | F | Kveim «ve | Multiple cranial palsies Nil | 
21B 62 M | Kveim ve | Headache, confusion, cranial nerve | Skin infiltration | 
palsies, peripheral neuritis (on i 
steroid therapy) | 
22B 37 M | Kveim -ve | Dysphagia, dysarthria Nil | 
Bilateral VII nerve palsy | 
23B 66 | M R. VII nerve palsy Uveitis, bilateral parotid gland i 
R. Deafness (conductive) enlargement 
25A 31 F | Liver and scalene R. hemisphere signs Hilar adenopathy (1963) 
node biopsy ve | L. VII nerve palsy Fibrosis and Bullae both lungs (1972) 
26B 27+ | M | Kveim ve | R. VH Nerve palsy Uveitis 
27B 39 |F Epilepsy Hilar and mediastinal adenopathy 
28A 34* | M | Kveim “ve | Headaches, seizures Hilar and mediastinal lymph- 
Skin biopsy «ve | R. hemisphere signs adenopathy. 
Mediastinal node Mental changes Skin infiltration 
+ve | 
| Cerebrum ive | 
Tupai 























(Continued on next page) 
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"TABLE I (continued) 
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TABLE II 




















| "1 
| Group Age | Sex ‘Tissue diagnosis | Neurological manifestations Other manifestations 
208 27 | M | Kveim -ve | Headaches, multiple cranial nerve Recurrent pyrexia 
Meningeal biopsy palsies, dysarthria, spastic 
from suprasellar paraparesis 
| cisterns -ve | Lymphocytic meningitis 
30A | 34¢ | F | Kveim +ve | Headaches with confusion, Bilateral hilar adenopathy 
i Cervical node — --ve papilloaedema, ataxia, epilepsy, Cervical lymphadenopathy 
cranial nerve palsies 
31B 38 F | Spinal cord --ve | Parasthesia, Paraparesis Hilar and mediastinal adenopathy 
Node biopsy bve 
32B 62+ Node biopsy -ve | Headache, loss of vision Hilar and mediastinal adenopathy 
progressing to lung infiltration 
Cervical lymphadenopathy 
33B 29 | M | Liver biopsy + ve | Multiple cranial nerve palsies, L. Bilateral hilar lymphadenopathy 
L. hemiparesis 
34B 27 M | Kveim -+ve | Headache, papilloedema, confusion, | Sarcoidosis in branchail cyst 
Meninges posterior seizures, dysarthria, multiple 
| fossa -+ ve cranial nerve palsies, 
| Cerebellum “ve 
R EMEN 


vases 5 and 24 were excluded because evidence of the nature of neurological disease on review was considered to be in- 


TABLE IV 


Investigation Group A Group B; Abnormal 





Cranial nerve lesions 
| Diabetes insipidus 
Hemisphere signs 
Seizures 
Confusion, dementia 





Cord lesion 





Cranial nerve 
involved 


Number of patients 
| affected 


pa 
— — 
— m 


Eus 


Headache plus other signs 
Dysphagia, dysarthria, ataxia 


Sacral nerve root lesion 











TABLE IH 











Skull X rays 
Spine X rays 


113%) 


Isotope scan 
CAT 


Air studies 
Angiography 
Myelography 





In two of these, including a patient (Case 16) des- 





Number of palsies 


cribed in detail below, there was enhancement of 
the basal meninges suggesting active granulomatous 

















Group A | Group B Total infiltration. This was also present in one case in 
ES which CA'T was normal prior to enhancement. In 
$ : $ seven other cases, including three with ventricular 

2 6 8 dilatation, there was no enhancement (Fig. 5). In two 

A P : of these pneumo-encephalography and ventri- 

3 5 8 | culography showed obstruction of the outlets of the 

3 13 16 fourth ventricle (Fig. 4) due to adhesions which were 

: 1 2 confirmed at surgery. In another patient pneumo- 

2 0 2 encephalography showed absent filling of the supra- 

3 9 3 sellar cisterns which was also due to arachnoiditis 

] 2 z i > J ŒE ig. 6). In these cases it is presumed that the disease 

is less active or perhaps fibrotic so that enhancement 

27 M 68 which is due to active granulation tissue and in- 
0] ik creased vascularity does not occur. However, the 
7 | 18 25 time between onset of neurological symptoms and 


scanning in the enhancing group (two months, two 








No cranial nerve palsy in seven cases only. 
Single cranial nerve palsy in five cases only. 
Multiple cranial nerve palsies in 20 cases. 


years and two years) was straddled by the group 
which did not enhance (six weeks, two months, two 
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A B € D 
Fic. 2. Case 28. 
(a) Before and (B) after intravenous contrast medium. There is a left fronto-polar mass of slightly increased attenuation which 
enhances homogeneously. There is low attenuation in the middle and posterior parts of the right temporal lobe due to brain 
damage associated with a previous sarcoid granuloma and its removal. (c) And (D) higher cuts showing low attenuation in the 
right parietal and occipital lobe with porencephalic cyst formation following infarction subsequent to the previous surgery 





Fic. 3. 


(A) Plain. (8) Following intravenous contrast. There is a small mass of slightly increased attenuation in the right frontal lobe 

adjacent to the convexity which enhances homogeneously. There is surrounding low attenuation suggesting oedema around 

the lesion. (c) Before and (D) after intravenous contrast medium. There is enhancement of the basal meninges due to chronic 
granulomatous meningitis. 


TABLE V 





Repeat CAT after intravenous contrast medium 





Enhancement 





Plain CA'T Contrast given Mass Basal meninges | No enhancement 
Peripheral mass 2 2 2 1 1 
Hydrocephalus 7 4 0 1 3* 
Normal plain scan 4 4 0 1 3+ 
Total 13 10 2 3 7 




















Air studies showed * obstruction of fourth ventricle foramina in two 
T irregular filling of suprasellar cisterns in one 
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B 


Fic. 4. Case 30 


Ventriculogram. Browdown position (4) midline lateral tomo- 

gram (8) Reversed Townes projection EMI scan showed 

lilatation of the whole ventricular system. There was no ab- 

normal enhancement. There is dilatation of the lateral third 

nd fourth ventricles with obstruction of the outlet of the 

rth ventricle. This was shown to be due to fibrotic sar- 
coid granuloma in the meninges. 
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Fic. 5. Case 30. 


CAT. There is dilatation of the right lateral ventricle and of 
the third and fourth ventricles. A shunt tube has been intro- 
duced into the left lateral ventricle with its tip encroaching 
on the Foramen of Monro. This ventricle, which was pre- 
viously dilated, is now normal in size, being adequately 
drained through the functioning shunt. There was no en- 
hancement of the basal meninges on this or previous scans. 
The ventricular dilatation could have been due to obstruc- 
tion at the outlets of the fourth ventricle or in the 
cisterns, the former being confirmed by ventriculography 
(Fig. 4). The obstruction of the left Foramen of Monro 
which has developed since the ventriculogram could be due 
to the position of the shunt tube or adhesions in this region 
also. 


basal 


Fic. 6. Case 29 


Pneumo-encephalogram. Lateral tomogram. Brow-up 
position. There is a minor degree of dilatation of the lateral 
and third ventricles. The anterior recesses of the third ven- 
tricle are slightly deformed. There is only a little loculated 
air in the suprasellar cisterns due to fibrotic meningeal 


sarcoid. 
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years, three years, three years and ten years) and 
meningeal biopsy showed granulomas in fibrotic 
tissue in two of the cases which did not enhance. 
Basal adhesions were shown by  pneumo- 
encephalography in one further case who did not 
have a computed tomogram. Six other air studies 
were normal. 

Cerebral angiograms were performed on 12 
patients, but were abnormal in only three cases and 
one of these only showed evidence of lateral ventri- 
cular dilatation. The other two cases are of more in- 
terest, 

Case 28 was a 37-year-old Guyanian Indian male 
who had known pulmonary and skin lesions of sar- 
coidosis of three years duration, confirmed by biopsy 
and a positive Kveim test. He was referred to another 
neurosurgical unit with a recent history of headache 
and epilepsy and examination revealed multiple 
cranial nerve palsies and a mild left hemiparesis. An 
isotope scan was negative but a right carotid angio- 
gram revealed an avascular mass in the temporal 
lobe. A mass of sarcoid granuloma was excised by 
temporal lobectomy, but it was in intimate contact 
with posterior and middle cerebral cortical branches 
and parietal lobe infarction followed its removal. 
Four months later there was recurrence of headache 
and epilepsy and the patient was then admitted to 





Fic. 7. Case 19. 


Right carotid angiogram. Subtraction print. A.P. projection 

arterial phase. There is narrowing of the supraclinoid part 

of the right internal carotid and of the origin of the middle 
and to a minor degree of the anterior cerebral arteries. 


The National Hospital for Nervous Diseases. CAT 
(Fig. 2) showed a mass of slightly greater than brain 
attenuation at the periphery of the left frontal lobe 
which showed homogeneous enhancement. There 
was also dilatation of the right lateral ventricle and a 
parietal porencephalic cyst due to the previous sur- 
gery and infarction. The patient showed little clinical 
improvement despite a five-month course of inten- 
sive steroid therapy and follow-up CATs were un- 
changed. 

Case 19 was a 41-year-old white female who pre- 
sented with a lymphocytic meningitis (CSF lympho- 
cytes 131 ml: protein 200 mg/ml: glucose 23 mg/ml), 
paralysis of right seventh and eighth cranial nerves 
and paraparesis. ''here was smooth narrowing of the 
termination of the right internal carotid artery and 
origin of the middle cerebral arteries (Fig. 7). The 
pneumo-encephalogram showed no abnormality. 
The visual evoked responses were abnormal. 
Multiple sclerosis was considered, but the angio- 
graphic and CSF findings were not in favour of this 
diagnosis. Tests for tuberculosis and other organ- 
isms were negative. On treatment with Prednisone 
and anti-tuberculous therapy, the CSF returned 
slowly to normal over a period of two years, but the 
neurological disability remained unchanged over a 
seven-year follow-up. There has been no evidence of 
systemic sarcoidosis and no histological evidence has 
been obtained. The present diagnosis is sacoidosis; 
though this is likely it must still be considered sub- 
judice. 

Myelography was performed in five of the eight 
patients with cord lesions. It was normal in three of 
these and in the patient with sacral root involvement; 
it was not performed in the three other cases because 
the disability caused by the spinal lesion was slight. 
All these cases had histologically proven sarcoidosis. 
The other two cases both had swellings of the spinal 
cord. Case 16 was a 24-year-old West Indian female 
who presented with head and neck ache, vomiting, 
convulsions and paraparesis. Examination revealed 
papilloedema and enlarged hilar lymph nodes and a 
cervical node biopsy confirmed sarcoidosis. Compu- 
ted tomography (Fig. 3) showed a peripheral right 
fronto-temporal mass of greater attenuation than ad- 
jacent brain which enhanced homogeneously and 
there was also enhancement of basal meninges. 
Myelography using Metrizamide by the lateral cervi- 
cal route showed arachnoiditis in the lower cervical 
and upper dorsal region with slight swelling of the 
upper dorsal cord (Fig. 8). There was complete ob- 
struction in the lower dorsal region. The symptoms 
gradually improved on steroid therapy and CAT 
showed resolution of the parenchymal lesion (Fig. 9), 
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Fic. 8. Case 16. 
Metrizamide myelogram. (a) A.P 


(B) Oblique projections. 
Phere is slight swelling of the upper dorsal and cervico-dorsal part of the spinal cord with irregular filling of the subarach- 
noid space suggesting arachnoiditis. There is complete obstruction in the lower dorsal region. 


but the basal meninges continued toenhance (Fig. 10.)  Myelography showed swelling of the cervical cord 

Case 31 was a 38-year-old white female who (Fig. 11) which was confirmed at surgical exploration 
presented to another neurosurgical unit with para- to be due to an infiltrating intramedullary mass and 
paresis. Examination revealed enlarged hilar and by histology to contain typical sarcoid granulomata. 
cervical nodes and a biopsy confirmed sarcoidosis, The patient was transferred to The National 
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Fic. 9. 


Case 16. 


Computed axial tomograms following intravenous contrast medium showing progressive clearing of the peripheral right 


frontal lesion over a period of nine months. There has been c 


lilatation of the lateral ventricles over the time of observation. 





Fic. 10. 


Case 16. 


Computed tomograms following intravenous contrast medium. Same cut repeated during therapy. The enhancement of the 
meninges persists unchanged. 


Hospital for Nervous Diseases, where re-screening 
showed persistance of the cervical cord swelling. The 
paraparesis resolved on high dosage steroid therapy 
over the subsequent three months. 


DISCUSSION 

The predominance of females and young adults 
and the relatively high number of Negroes in our 
series is typical: Guyanian Indians have not been 
previously noted to have an increased susceptibility 
to sarcoidosis, but the presence of two in our series is 
probably not a coincidence. 

The cerebral presentations in our cases differ from 
previous series in the lower incidence of lesions of 
the hypophysis and optic nerves (Schuber et al., 
1971; Hankinson and Banna, 1976) and of the hypo- 
thalamus (Colover, 1948). 

Erosive skull lesions with no reactive bone forma- 


tion have only been previously recorded in four cases 
of sarcoidosis (Olsen, 1963). An increased incidence 
of tuberculosis is well known in sarcoid cases and the 
skull lesion should be biopsied if histological evi- 
dence has not been obtained, or if there is un- 
expected progression on steroid therapy. The very 
low positive yield from skull X-rays suggests that 
they are not necessary as a routine investigation in 
these cases. Calcification has been described as a 
rare occurrence in parenchymal sarcoid lesions 
(Herring and Urich, 1969), but this is much more 
readily shown on CAT and bone erosion may also be 
identified at appropriate window levels. 

Isotope scans were negative in 11 cases, including 
both those with intracerebral masses, the others 
having basal meningitis, hemisphere signs or seiz- 
ures. It is evident that isotope scans are not of value 
in excluding sarcoid masses and since the uptake of 
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isotope is not specific for any pathology they are not 
of value in differential diagnosis. They are no longer 
indicated in the elucidation of these cases. 

Computed tomography is the most informative 
cranial neuroradiological study. As would be ex- 
pected the non-caseating granulomas show as 
slightly high-attenuation, homogeneously enhancing 
mass lesions, with little surrounding low attenua- 


tion, which in our experience, are peripherally 


Fic. 11 


Case 31. 


Myodil myelogram. P.A. projection. There is increase in the 
transverse diameter of the mid and lower parts of the cervical 
cord due to intramedullary swelling. 





V. Tatler 


situated. Similar appearances may occur with other 
pathologies but most of those which complicate sar- 
coidosis cause easily distinguished abnormalities. 
Infarction is usually of low attenuation and enhance- 
ment occurs for only a limited period. Other in- 
flammatory lesions causing clinical syndromes similar 
to sarcoidosis may necrose and show central low 
attenuation or calcification though some granulomas, 
including tuberculomas, may be identical; careful 
examination of the CSF may be helpful but many 
clinicians consider that anti-tuberculous chemo- 
therapy should be given to all sarcoidoses with 
cerebral lesions because of the difficulty in excluding 
super-added TB. 

The onset of severe neurological symptoms in 
patients with known sarcoidosis may also be due 
to invasion by opportunistic organisms including 
various fungi and papova viruses, which cause pro- 
gressive multifocal leuko-encephalopathy (PML). In 
contrast to granulomas, PML is confined to white 
matter, usually affecting the cerebral hemispheres 
(Carroll et al., 1977). attenuation 
masses which occasionally show central enhance- 
ment. The lesions are usually progressive, but re- 
missions do occur (Bosch et al., 1976). 

Basal arachnoiditis causing enhancement on CAT 
has been shown in chronic infective meningitis and 
in neoplastic meningitis (Enzmann et al., 1976). 
Usually the clinical laboratory tests allow easy 


It causes low 


distinction from sarcoidosis but it should be noted 
that tuberculous meningitis has been described in 
association with sarcoidosis (Hopkins, 1973). 

'The combination of clinical and/or CAT evidence 
of multiple lesions within the brain, spinal cord or 
meninges may be taken as strong presumptive evi- 
that all the 
without further study in cases with systemic sar- 


dence lesions are due to sarcoidosis 
coidosis. Hydrocephalus is best diagnosed by CAT 
and enhancement of the basal meninges is confirma- 
tory evidence of the site of obstruction being at the 
base and that the granulations are active. In ab- 
sence of enhancement the process may be fibrotic 
and the site of the lesion causing hydrocephalus may 
not be evident on CAT alone. In these cases air 
studies will show the site of obstruction and failure 
of filling of cisterns may give some confirmation of 
the position of adhesions. It is debatable whether 
such studies are still indicated when CAT is avail- 
able if the symptoms are due to hydrocephalus alone, 
but they are of value if a mass lesion needs to be 
excluded in cases with optic nerve or chiasmal 
compression. 

The non-invasiveness of CAT allows careful 
follow-up of intracranial lesions so that progress can 
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be monitored and, even if the diagnosis of any par- 
ticular lesion is uncertain, surgery may be held in 
reserve to be used if there is unexpected increase 
in the size of a mass or progressive hydrocephalus. 
Thus, in one of our cases an intracerebral lesion 
totally disappeared on steroid therapy (Fig. 9). Only 
one case with basal meningeal enhancement was 
followed with appropriate scans over a period of 15 
months; there was no change. 

'The relatively higher incidence of neuro-sarcoi- 
dosis in autopsy as compared with clinical series 
(Ricker and Clark, 1962) suggests that more cases 
may be discovered if patients with vague symptoms, 
which could possibly be due to intracranial involve- 
ment, are subjected to computed tomography. How- 
ever, we performed CAT on three further cases with 
iridocyclitis and headache, without any signs of an 
intracranial lesion and all these were entirely normal. 

Cerebral angiography has nothing to contribute to 
diagnosis if CAT is available, unless an appearance 
suggesting an incidental tumour, which could have a 
pathological circulation, is shown. Sarcoid masses 
are avascular and similar to other avascular masses of 
any aetiology (Saltzman, 1958; Thompson, 1961). 
Histological studies have demonstrated involvement 
of the adventitia and media of smaller cerebral 
arteries by sarcoid granulation tissue which some- 
times causes narrowing of the lumen (Meyer et al., 
1953). It is well known that meningitis due to 
granulomatous or pyogenic inflammation can cause 
narrowing of basal vessels, but these vessels have 
never been shown to be compromised in sarcoidosis 
(Herring and Urich, 1969). Unfortunately histo- 
logical proof of the diagnosis is lacking in our case 
and even in a young woman with a clinical syndrome 
confidently diagnosed as sarcoidosis, the narrowing 
is insufficient evidence of involvement or compres- 
sion of the vessel wall by sarcoid granuloma. 

Sarcoidosis involving the spinal cord has been 
recently reviewed by Nathan et al. (1976). Including 
their cases there are apparently 11 cases in the 
literature with proved histology. In both our cases 
the diagnosis of systemic sarcoidosis was firmly 
established but in only one of them was exploration 
of the spinal cord and biopsy performed. In the 
other case the combination of spinal and basal 
arachnoiditis, cord swelling and a superficial cerebral 
mass lesion, which was followed to complete 
resolution with CAT during steroid therapy, leaves 
no doubt about the nature of the cord lesion. In both 
these patients the cord symptoms improved during 
steroid therapy. Cord involvement may be due to 
sarcoid vascular lesions as well as to intramedullary 
granulomas or meningeal involvement and the 
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precise aetiology of cord involvement in our three 
cases without myelographic abnormality and the 
three others in which myelography was not per- 
formed has not been established. Myelography is 
only indicated if a cord lesion other than sarcoi- 
dosis is suspected or if local surgery is contemplated 
should an amenable lesion be shown. Myelographic 
changes in neurosarcoidosis are not specific and the 
diagnosis can only be suspected in the presence of 
suggestive intracranial lesions or when sarcoidosis is 
present in other systems. 

The disappointingly large number of negative 
radiological investigations in these patients with 
neurological lesions and sarcoidosis should be 
viewed in the knowledge that in over two thirds of 
them the diagnosis of sarcoidosis was only estab- 
lished at the time of neurological presentation, often 
after neuro-radiological studies had been performed. 
In other cases such studies were performed to ex- 
clude a second pathology at a time before CAT was 
available. The advantages of the latter in the 
elucidation of cerebral lesions is evident; only un- 
commonly does it need to be supplemented by 
further contrast studies in patients with known 
sarcoidosis. 
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Book review 


Advances in Neurosurgery—4. Lumbar Disc. Adult Hydro- 
cephalus. Edited by R. Wüllenweber, M. Brock, J. Hamer, 
and M. Klinger, (Berlin, Heidelberg, New York, Springer- 
Verlag), pp. xxiii + 338, illus., 1977. DM76.00. 

'This book contains the proceedings of the 27th Annual 
Meeting of the Deutsche Gesellschaft für Neurochirurgie, 
September 1976. No new developments of radiological 
interest are recorded on either of the main topics, but the 
section on adult hydrocephalus is largely concerned with the 
pathophysiology and diagnosis of normal pressure hydro- 
cephalus, including the abnormalities revealed by computed 
tomography and cisternography and the place of these in- 
vestigations in this difficult subject. 

A few of the communications are specifically concerned 
with radiology. These include a study controlled by CT of 
the effect of dexamethazone and frusomide on peritumoral 
oedema, the use of biplane simultaneous angiotomography 
for the analysis of intracranial aneurysms and experimental 
work on discography with water and oil soluble contrast 
media in rabbits. 

"Though neuroradiologists may wish to study the papers 
which have been mentioned, the great majority of the 
communications are not of radiological interest. 

B. E. KENDALL. 
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ABSTRACT 

Mandibular periosteal new bone formation (the “man- 
dibular mantle") is described in very low birth weight 
infants with other signs of severe metabolic bone disease. In 
infants with onset of dyspnoea and apnoea, between two and 
three months of age, this mandibular change suggests that 
the lung disorder is of skeletal, rather than pulmonary origin 
and aids in differentiation therefore, from the Mikity- 
Wilson Syndrome (pulmonary dysmaturity). 


The cardinal radiological features of nutritional 
rickets are well known (Caffey, 1973). A feature 
which we have not seen recorded previously, is sym- 
metrical periosteal new bone formation on the in- 
ferior aspect of the mandible. The present paper 
describes this change in five low birth weight infants 
who developed severe nutritional rickets before three 
months of age. 


CuLiNICAL DETAILS 

Four of the infants were males. All were born 
between 28 and 31 weeks gestation and had very low 
birth weights, from 0.64 kg to 1.80 kg (Table I). 

Each of the pregnancies had been complicated, but 
only patient 4 was asphyxiated at birth; mild idio- 
pathic respiratory distress syndrome (IRDS) de- 
veloped in patient 5. Between five and ten weeks of 
age, patients 2-5 developed insidious onset of 
dyspnoea with sub-costal recession and episodes of 


apnoea. Patient 1 was being investigated for mild 
obstructive jaundice when at 13 weeks of age, he had 
a series of generalized seizures associated with hypo- 
calcaemia and hypomagnesaemia. At about the same 
time, he also developed wheeze and dyspnoea. Overt 
clinical features of rickets were however only present 
in patient 2, who had rachitic expansion of the wrists 
and a large anterior fontanelle. Each of the babies 
was receiving supplements of vitamin D; in patient 
1, this was 5 pg, patient 2, 10 ug, and patients 3-5, 
20 ug daily. 


BIOCHEMISTRY 

At the diagnosis of bone disease the following 
changes were found (Table II). Three infants were 
hypocalcaemic, two of whom were also hypophos- 
phataemic and hypomagnesaemic. Each of the latter 
children had generalized aminoaciduria and patient 3 
who had the lowest serum calcium of all, had tyro- 
sinuria. The alkaline phosphatase was elevated in all 
the infants. This was almost entirely of osteoblastic 
origin, as shown by isoenzyme separation on poly- 
acrylamide gel. Subclinical icterus was present in 
patients 1-4; highest values were found in patient 1, 
whose total and direct reacting bilirubins were 108 
and 82 pmol/l, respectively. 

















TABLE I 
CLINICAL FEATURES OF INFANTS 
i —[ 
Birth Gestational Apgar 
weight maturity score 
Patient Sex (kg) (wk) Pregnancy (1 min) 
1 M 1.80 31 Placenta praevia, 9 
caesarian section 
2 M 0.83 28 Anterpatum haemorrhage gasped at 
birth 
3(died) M 0.71 30 Pre-eclampsia 8 
4 M 1.45 30 Severe pre-eclampsia, 6 
caesarian section 
| S(died) F 0.64 29 Antepartum haemorrhage 8 








93 


Vor. 51, No. 602 


P. S. Thomas and J. F. T. Glasgow 


TABLE II 
BIOCHEMISTRY AT DIAGNOSIS OF BONE DISEASE 





Calcium 
(m mol/l) 


Magnesium 


Patient (m mol/l) 


1 1.65 0.51 
2 1.80 0.57 
3 1.43 1.14 
4 2.39 — 

5 2.48 ),74 











phosphate 


Alkaline 
phosphatase 


(KA units) 


Inorganic 


(m mol/l) Urinary amino acids 





1.26 66 generalized rise 
1.29 55 generalized rise 
2.33 47 tyrosinuria 
2.02 338 IU normal 

2.50 300 IU threoninuria 














Patient 3, aged five weeks. Lateral view of mandible showing 
fine layer of periosteal new bone formation on inferior 
surfaces of horizontal rami, 


Fic. 


Values for plasma proteins, full blood picture, in- 
cluding total and differential white blood counts 
were normal for age. 


RADIOLOGY 
The findings are similar in each, and are described 
together. 


Skull and facial bones 

There was marked demineralization of the vault, 
with poorly defined sutures and sharply etched inner 
ear structures. A clearly defined layer of periosteal 
new bone was present along the inferior border of 
the mandible—the ‘mandibular mantle” (Fig. 1). 
This was best developed in patients | and 2, in 
whom it extended up the lateral margins of the as- 
cending rami (Fig. 2). In patient 2 this persisted for 
about ten weeks, gradually consolidating and finally 
merging with the cortex of the mandible. Follow-up 
showed no residual abnormality. 
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Fic. 


Patient 1, aged 13 weeks. A.P. view of mandible showing well 
defined layer of periosteal new bone extending up outer 
aspects of ascending rami. 


Long bones 

The principal findings were demineralization and 
periosteal new bone formation along the shafts. 
These changes were most pronounced in patient 2, 
in whom there were also fractures of both lower 
radial, ulnar and tibial shafts and each mid-fibula 
(Fig. 3). In patients 2, 3 and 5, metaphyseal cupping 
and splaying were present (Fig. 4); these findings 
were not seen in patients | or 4. There was no X ray 
evidence of hyperparathyroidism in any patient. 


Chest 

In patients 2, 3 and 5, the lungs showed features 
suggestive of early Mikity-Wilson syndrome 
(MWS). These consisted of over-inflation and linear 
strands; in patient 2, there were also cystic changes in 
the right lower zone. Over-inflation per se was 
present in patient | and all five infants had areas of 
patchy collapse/consolidation (Fig. 5). In the im- 
mediate neonatal period, patient 4 showed changes 
of moderately severe IRDS, but the lungs had 
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Fic. 3. 


Patient 2, aged ten weeks. A.P. view of leg showing perio- 

steal new bone formation on the shafts of the long bones, a 

healing fracture of the fibula, generalized demineralization 

with absence of ossification centres at the knee and slight 
metaphyseal splaying. 


cleared by the time skeletal demineralization had de- 
veloped. 

The rib cage was demineralized in all patients. 
Multiple fresh and healing rib fractures of the lateral 
arcs of the middle ribs were present in patients | and 
2 associated with extensive periosteal new bone for- 
mation. In patients 1 to 4, there was splaying of the 
anterior rib ends, Concavity and irregularity of the 
inferior scapular angles, tvpical of rickets, were pre- 
sent in patients | and 2. 


Spine 
Gross demineralization was present in each of the 
infants. In patient 1, who has been reported pre- 


viously (Thomas and Glasgow, 1974), this affected 
the axial more than the appendicular skeleton. 


COURSE : 

The patients were treated in a variety of ways. 
Three patients received vitamin D. This was given 
orally in patients | and 3 (30 yg daily) and in patient 
2 two large parenteral injections each of 110 ug. Bone 
disease in patient 4 healed spontaneously and patient 
5 was given oral la-hydroxyvitamin D* 0.2 jg daily 
Respiratory distress became increasingly severe in 
this infant and also in patient 3. Patient 5 died of 
respiratory insufficiency in spite of intensive care and 
ventilatory support. Patient 3 developed paralytic 
ileus and also succumbed. At necropsy, although the 
lungs showed patchy pneumonitis, the skeleton was 
markedly demineralized with changes of osteoma- 
lacic bone disease (Glasgow and Thomas, 1977). 


DISCUSSION 

Nutritional rickets is rare among Caucasian chil- 
dren in the United Kingdom. During the past five 
years, we have observed osteomalacic bone disease in 
an increasing number of very birth weight 
(VLBW) infants (Glasgow and Thomas, 1977). In 
the majority, the 
findings were those commonly 


low 


biochemical and radiological 
found rickets 
(Caffey, 1973). A few had X ray features in the scap- 
ulae (Weiss, 1971). 

The particular radiological change seen in the 
mandible of our five infants has not been reported 
previously in metabolic bone disease. This was bi- 


in 


lateral and symmetrical in distribution and was not 


associated with abnormality in either haematol- 
logical, bacteriological or serological studies which 
might have supported an infective aetiology. Sub- 
sequently, complete resolution occurred. 

Although mandibular thickening most often sug- 
gests infantile cortical hyperostosis (Caffey and 
Silverman, 1945), the presence of rickets, demi- 
neralization and fractures made this diagnosis un- 
tenable (‘Table III). Moreover, as rickets healed, the 
mandibular change regressed. 

Periosteal new bone, confined to the long bones, 
occurs in about 30°, of normal mature and preterm 
neonates (Shopfner, 1966). We have observed this 
also in preterm infants, some of whom had mild 
rickets. Earlier French literature described similar 
changes, frequently associated with jaundice and 
widespread osteomalacia (Rossier ef al., 1958); 
Boissiére et al., 1964). More recently, florid perio- 
steal new bone formation has been reported in 
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Fic. 4. 


Patient 2 left wrist (A) at ten weeks showing demineralization and fractures, (B) at 19 weeks showing changes of healing 
rickets, with cupping and splaying of metaphyses of radius and ulna and consolidating periosteal new bone. 


infants with biochemical changes attributed to cop- 
per deficiency (Griscom et al., 1971). None of these 
features were present in our patients. 

Mandibular periosteal new bone was present only 
in those VLBW infants with most marked bone 
disease. Although the pathogenesis of this change is 
not understood, it may be related to the nature of the 
periosteum in the fetus and preterm infant. Here the 
periosteum consists of a relatively thick layer of 
osteoblasts adjacent to the bone cortex. In the pre- 
sence of severe rickets, there is production of excess 
periosteal osteoid which calcifies first in its outer 
layers, rather than from the cortical surface. It may 
be this pattern of calcification which give s the 


Fic. 5 
Patient 5, aged eight weeks, A.P. chest showing areas of 


patchy opacity in both lungs, mainly in the mid and upper 
zones with areas of hyper-aeration 
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The “mandibular mantle" —a sign of rickets in very low birth weight infants 


TABLE IH 
RADIOLOGICAL FEATURES OF BONE DISEASE 

















Skeleton Lungs | 
Age at diagnosis | Mandibular ara | 
of bone disease periosteal Deminera- Consoli- Over- i 
Patient (wk) new bone lization Rickets | Fractures dation inflation Cysts | 
1 13 axial ribs sue cquo om^ sh lw i 
2 10 generalized ribs and 4 + 
long bones 
3 5 generalized none + + — 
4 5 + generalized none -— 
5 6 generalized none f | 
| ] 














characteristic radiographic appearance, which might 
be described as a "mandibular mantle". 

The presence of this mandibular sign can provide 
an important diagnostic clue in VLBW infants who 
develop late onset dyspnoea with apnoeic attacks. 
Early radiological findings in the MWS are fre- 
quently inconclusive, and when these ill-defined 
lung changes are associated with the "mandibular 
mantle” the primary lesion is likely to be skeletal 
rather than pulmonary. Hence the inclusion of a 
lateral view of mandible in chest radiographs of in- 
fants thought to be developing MWS may be of dia- 
gnostic value (Glasgow and Thomas, 1977). 

Rickets is probably more common in VLBW in- 
fants than is generally realized (Glasgow and 
Thomas, 1977). During the first three months of life, 
Hillman and Haddad (1975) have shown that pre- 
term infants have low levels of circulating 25-hy- 
droxyvitamin D (25-OHD). A number of factors 
probably contribute to this, including the concentra- 
tion of 25-OHD in the maternal circulation at 
delivery (Rosen et al., 1974). Storage of vitamin D 
and 25-OHD might be reduced in the newborn in- 
fant because of the small amount of muscle and fat. 
In the adult, 25-OHD is stored in muscle and many 
other tissues (Mawer and Schaefer, 1969) while 
vitamin D is deposited in fat (Rosenstreich ef al., 
1971). 

Small babies tend to ingest very small quantities of 
vitamin D fortified milks (0.01—0.025 ug/dl) and this 
of itself may occasionally lead to rickets (Lewin et al., 
1971). Intestinal absorption of the vitamin may be 
poor because of profoundly low levels of duodenal 
bile acid during digestion for the first few weeks of 
life in VLBW infants (Katz and Hamilton, 1974). 
Moreover, 25-hydroxylation by the liver is pro- 
bably markedly impaired (Hillman and Haddad, 
1975) and much evidence of the liver’s immaturity 
exists at this age (Lucey, 1960; Rosenberg and 
Scriver, 1974). On the other hand, utilization might 
be increased (Nitowsky, 1968). 
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In view of these impediments, it seems likely that 
the renal hormone, 1,25-dihydroxyvitamin D is also 
low and neonatal calcium absorption faulty. Shaw 
(1976) has shown that accumulation of calcium by 
the VLBW infant is less than 40°, of that by the 
fetus during the last trimester of pregnancy. During 
this period, the fetus acquires about 80%, of the 25 g 
of calcium contained within the skeleton of the 
mature newborn (McCance and Widdowson, 1961). 
Hence adverse factors which lower the infant’s 1,25- 
dihydroxyvitamin D level compound those inherent 
in premature delivery. 


ACKNOWLEDGMENTS 
We thank Professor I. J. Carré, Dr. B. G. McClure and 
Dr. W. A. B. Campbell for permission to report these 
patients. Miss Denise McAfee typed the manuscript. 


REFERENCES 

BossiknE, H., CacNar, R., PoissoNNIER, M., and D'ANGELY, 

S., 1964. Dvstrophie ostéomalacique du prématuré, 
Annales de Pédiatrie, 11, 367-383. 

Carrey, J., 1973. Pediatric X-ray diagnosis. 6th edn. pp. 
1222-1226 (Year Book Medical Publishers, Chicago). 

Carrey, J., and SiLvERMAN, W. A., 1945, Infantile cortical 
hyperostosis; preliminary report on new syndrome. 
American Journal of Roentgenology, Radium Therapy and 
Nuclear Medicine, 54, 1-16. 

Grascow, J. F. T., and Tuomas, P. S., 1977. Rachitic 
respiratory distress in small preterm infants, <[rchives of 
Disease in Childhood, 52, 268-273. 

Griscom, N. T., CRAIG, J. N., and Neunauser, E. B. D. 
1971. Systemic bone disease developing in small pre- 
mature infants. Journal of Pediatrics, 48, 883—895 

HittMaN, L. S., and Happan, J. G., 1975. Perinatal vitamin 
D metabolism II. Serial 25-hydroxyvitamin D concen- 
trations in sera of term and premature infants. Journal of 
Pediatrics, 86, 928—935. 

Karz, L., and HawiLToN, J. R., 1974. Fat absorption in 
infants of birth weight less than 1300 gm. Journal of 
Pediatrics, 83, 608-614. 

Lewin, P. K., Reip, M., Remy, B. J, Swver, P. R, and 
Fraser, D., 1971. Iatrogenic rickets in low-birth weight 
infants. Journal of Pediatrics, 78, 207—210. 

Lucey, J. F., 1960. Hyperbilirubinaemia of prematurity. 
Pediatrics, 25, 690—710. 

McCance, R. A., and Wippowson, E. M., 1961. Mineral 
metabolism in the foetus and newborn. British Medical 
Bulletin, 17, 132-136. 











Vor. 51, No. 602 





P. S. Thomas and 7. F. T. Glasgow 


Mawzn, E. B., and ScHaErER, K., 1969. The distribution of 
vitamin D3 metabolites in human serum and tissue. 
The Biomedical Journal, 114, 74—75. 

Nirowskv, H., 1968. The anabolic and catabolic systems. In 
The Biological Basis of Pediatric Practice, Ed. R. Cooke 
pp. 903-923 (McGraw-Hill Book Company Inc., 
Toronto). 

Rosen, |. F., Roomusgv, M., NATHENSON, G., FiNBERG, L., 
1974, 25-Hydroxyvitamin D: plasma levels in mothers 
and their premature infants with neonatal hypocalcaemia. 
American Journal of Diseases of Children, 127, 220-225. 

RoseNBERG, L. E., and Scriver, C. R., 1974. Disorders of 
amino acid metabolism. In Diseases of Metabolism. 7th 
edn, Ed. P. K., Bondy and L. E. Rosenberg, p. 465, 
(Saunders, Philadelphia). 

RoseNsTREICH, S. J, RicH, C., and VorwitER, W., 1971. 
Deposition in and release of vitamin Ds from body fat. 


Evidence for a storage site in the rat. Journal of Clinical 
Investigation, 50, 679—687. 

Rossier, A., Paurs, J., MICHELIN, J., LanNAUDIE, J., 1958. 
Dystrophie osseuse ostéomalacique chez d'extrémes pré- 
maturés. Archives Francaises de Pédiatrie, 15, 477-498. 

SHoprNER, C. E., 1966. Periosteal bone growth in normal 
infants. American Journal of Roentgenology, Radium 
Therapy and Nuclear Medicine, 97, 154-163. 

Suaw, J. C. L., 1976. Evidence for defective skeletal 
mineralisation in low birth weight infants: the absorp- 
tion of calcium and fat. Pediatrics, 57, 16-25. 

Tuomas, P. S., and Grascow, J. F. T., 1974. Bone disease 
in infants with prolonged obstructive jaundice. Pediatric 
Radiology, 2, 125-132. 

Weiss, A., 1971. The scapular sign in rickets. Radiology, 98, 
633-636, 





Book review 


X-rays: more harm than good? By Priscilla W. Laws, pp. 
xiii + 258, 1977. (Rodale Press Inc., Berkhamstead), £4-95. 

The word “consumer” is still a new one in relation to 
health services in this country; indeed it sounds odd when 
applied to patients except where medicines are concerned. 
In part this is because the National Health Service has so far 
done little to encourage critical awareness of its perform- 
ance. Ministerial response to criticism is usually defensive 
and misleading. Community Health Councils were supposed 
to give consumers a chance to influence the local provision of 
health services; all too often they have been either ineffective 
or the vehicle of strident pressure groups, uninterested in 
the real problems of the community. In fact the private 
patient is often the best example of consumerism in medi- 
cine. This could be defined as taking an intelligent interest in 
proposed investigations or treatment—-in their purpose, 
their risks and their costs, For obvious reasons this attitude 
is much more widespread in the United States, though re- 
cent publications by Which are among the first indications 
that British consumers are beginning to look critically at how 
the Health Service works and at how much trouble X-ray 
departments take to minimize irradiation of their patients. 

It is the latter which is the theme of X-rays — more harm 
than good?-—a long and thorough examination of the prob- 
lems of radiation and the consumer in the USA. Most 
radiologists asked to write a book with such a title would be 
hard put to it to think of more than three or four chapter 
headings. The sub-heading ‘how you can protect yourself 
against unnecessary radiation by understanding the uses and 
misuses of diagnostic X-rays" would help a little but might 
give the impression of an approach hostile to radiology. In 
fact Dr, Laws, a physicist, writes in a balanced and sensible 
way and is clearly concerned to see a reduction in practices 
which lead to pointless irradiation of patients. The scope of 
the book is best indicated by giving some of the main chapter 
headings—'"X-ray-—uses, benefits, costs and risks"; "'re- 
lieving anxiety with X-rays"; "ruling out the worst again 
and again"; "patterns of overuse-—routine examination"; 
“special problems of women"; ‘‘mal-practice, defensive 
medicine and X rays"; “the worship of technique”; "how 
X ravs affect people"; "risks associated with X-ray diag- 
nosis’; "how to minimize your exposure to X rays". 

Clearly this is a book written for the American public and 
many of the practices referred to do not occur in this country 


or are seen in a less severe form. Few, if any clinicians here 
now have X-ray equipment and add to their charges by 
taking their "own" X-rays. Private health insurance does 
little to encourage extra examination on the basis that 
“vou’ve paid for it, you might as well have it". We are, by 
and large, applying the “ten-day rule" to our patients. Sheer 
lack of money has restrained the wholesale installation of 
expensive new equipment which then has to be used to 
justify its purchase. Nevertheless we do have our share of 
clinicians who favour the blunderbuss approach to diagnosis ; 
examinations are often repeated rather than sending for the 
films taken at other hospitals; some dentists X-ray teeth six- 
monthly ; films are still taken without coning the diaphragms 
to the cassette; out-of-date equipment results in sub- 
standard and often useless radiographs; X rays are re- 
quested for medico-legal rather than clinical indications. 
Such practices are described and commented on in this 
book in some detail. In the chapter ''how to minimize your 
exposure to X rays" the patient is given a long check list of 
points to query in relation to the way they are examined. It 
would be easy to deride this by pointing out that it could 
produce chaos in an X-ray department if every patient 
insisted on applying it: but in fact it should be applied by 
someone to every department and if radiologists and radi- 
ographers do not bother, presumably the patient will have to. 

It is sobering that a book of this sort should have been 
written. | do not know the American scene sufficiently well 
to say whether Dr. Laws has been consistently accurate in 
her description of practices in the USA but there is enough 
here to make any radiologist or radiographer look carefully 
at his or her practice. In particular it comes across clearly 
that communication between radíographers and patients, 
radiologists and patients, and between radiologists and 
clinicians are essential to reduce unnecessary irradiation of 
patients and to diminish the anxiety which patients may feel 
about those examinations they must have. It is difficult to 
say who should read this book. It does not take long to read 
and one would like to think that every radiologist and radi- 
ographer has had a look at it. Perhaps the best answer would 
be to put this book on the reading list for the Part 1 F.R.C.R. 
so that from the outset the radiologist in training was made 
aware of the patient's point of view. 


H. M. SAXTON. 
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Renal angiography problems in live kidney donors 
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ABSTRACT 

We compared renal angiographic and operative findings 
in 88 live kidney donors. Fifty patients had normal arterio- 
grams and uneventful nephrectomies. Abnormal renal paren- 
chymal or main artery lesions were found in eight donors 
(994). These included four renal artery stenoses; the kidney 
distal to the lesion was used for transplanting. Thirty one 
patients (35%) had multiple renal arteries. Only 24 of these 
(7795) were diagnosed at pre-operative angiography, though 
on review angiogram accuracy could be raised to 94%. 
Except for one patient the accessory renal arteries missed at 
angiography were tiny twigs; the small renal infarcts caused 
by ligating them did not impair transplant survival. There 
was one serious misdiagnosis of multiple renal arteries, 
preventable on review of the abdominal aortogram. We 
consider pre-operative angiography an essential step for the 
live kidney donor. It is the most accurate way of ensuring 
that his remaining kidney will be structurally sound. 
Finding multiple renal arteries has a decisive impact on 
management, Abdominal aortography rather than routine 
selective arteriography ís the safe and therefore preferable 
approach to these patients. 


Pre-operative renal angiography of donors for kidney 
transplantation is standard practice (Penn ef al., 
1970; Farrell et aL, 1973; Spanos et al, 1974). 
Probably the most important reason for angiography 
is to ensure that the kidney to be left behind in the 
healthy donor is structurally sound. The conven- 
tional indication is to determine whether multiple 
arteries are present in the kidney to be transplanted. 
Multiple renal arteries are not a contraindication to 
transplantation, but if they are a unilateral finding 
with a normal kidney, it is generally preferable to 
choose the contralateral single-artery kidney. In his 
classical monograph Boijsen (1959) found multiple 
renal arteries in 24°, of renal angiograms. He com- 
ments that this figure is lower than that found in 
autopsy material, due to the fact that smaller calibre 
arteries to the upper pole were not always demon- 
strable in the roentgenogram". We have had the 
opportunity of confirming this observation in our 
live kidney donors and report a comparison between 
pre-operative and surgical findings in these healthy 
patients. 
PATIENTS AND METHODS 

We aimed to review all 94 live donor transplants 
carried out in this hospital. Documentation was 
incomplete in four and arteriography had not been 





*Present address and reprint requests: Department of 
Radiology, Addenbrooke's Hospital, Hills Road, Cambridge 
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carried out in a further two donors. The angiograms 
and case notes of the remaining 88 donors were 
available for study. 


Angiography 

The standard examination was the abdominal 
aortogram, carried out via a transfemoral catheter. 
Rapid serial films were taken following pressure in- 
jection of contrast medium in the aorta. If there was 
doubt about any renal abnormality or multiple ves- 
sels, a selective renal arteriogram was then performed. 
This was only done rarely. 


RESULTS 
Group I 
Fifty patients had normal aortograms and opera- 
tive findings, allowing for the occasional small renal 
cortical cyst undetected on angiography. 


Group II 

Eight patients had abnormal renal parenchymal or 
main artery lesions (Table I). Three donors had 
single renal cysts at angiography. In an additional 
patient four small cysts were discovered at operation. 
Atheroma at the origin of the right renal artery was 
seen at angiography in two donors. A further patient 
(also appearing in Group III) had a similar stenosis 
at the origin of one of her two right renal arteries. 


TABLE I 
Group II. EIGHT PATIENTS WITH RENAL PARENCHYMAL OR 
MAIN ARTERY LESIONS (INCLUDING ONE PATIENT WITH RENAL 
ARTERY STENOSIS AND MULTIPLE VESSELS ALSO APPEARING IN 

















‘Taste HH) 
Angiogram | 
No. of donors diagnosis Comments i 
3 Singlerenal | — | 
cyst l 
1 Normal Four small cysts found | 
at operation in kidney | 
used for transplant 
3 Atheromatous| Right kidney distal to 
narrowing at | stenosis used for trans- 
right renal plant. One patient had a 
artery origin | stenosis of one of her 
two right renal arteries 
1 Fibro- Lesions confirmed at 
muscular operation and on 
dysplasia histology—this kidney 
used for transplant 
pm 
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The right kidney was used for transplanting in these 
three patients. We did not seek operative confir- 
mation of these right-sided stenoses, hidden behind 
the inferior vena cava at surgery. 

Fibromuscular dysplasia was found in the proximal 
arterial segment of one kidney used for transplanting, 
with good radiological, operative and histological 
correlation (Fig. 1). 


Group Ill 

Thirty-one donors had multiple renal arteries (in- 
cluding one from Group II) (Table II). Early 
branching of the single main renal artery in one 
patient effectively added a further double vessel 
problem to the surgical series (Fig. 2). 

Twenty-four of all the multiple vessels (77%) 
were seen at pre-operative angiography. In nine 
patients with double left renal vessels the right rather 


than the left kidney was chosen for transplanting. 
However, in one of these nine, early branching of 
the single right renal artery behind the inferior vena 
cava resulted in ligation of a small upper pole vessel 
at right nephrectomy (Fig. 3). 

Review of the seven patients with unexpected 
additional renal arteries discovered at surgery showed 
the accessory renal vessel arising from the aorta on 
five angiograms. With hindsight the pre-operative 
angiogram success rate could therefore be raised 
from 77% to 94°... The additional vessel was small 
except in one patient where the angiogram mis- 
diagnosis of single renal artery was very serious. At 
operation in this patient a second left renal artery 
supplying the whole lower renal pole was found and 
could also be seen on review of the angiogram. Left 
nephrectomy was abandoned, and the right kidney 


removed through a second incision. 





Left renal artery stenosis (arrow): this kidney was used for transplanting, excising the section of renal artery involved by 
fibrous dysplasia. 
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TABLE II 


Grovp II. THIRTY-ONE PATIENTS WITH MULTIPLE RENAL ARTERY PROBLEMS AT OPERATION 
(INCLUDING ONE PATIENT ALSO APPEARING IN TABLE I) 

















T T 
No. of Initial angiogram | Review angiogram 
donors diagnosis diagnosis Comments 
E | 
11 Double right renal do Left nephrectomies 
artery 
9 | Double left renal do Right nephrectomies. In one donor earl 
| artery branching of the right renal artery 
Pre-operative | amounted to an accessory artery problem 
and surgical at surgery | 
agreement 3 Double right and do Two left nephrectomies with ligation of 
left renal arteries | the small accessorv vessel. One right 
nephrectomy with anastomosis of double | 
vessels. 
6 Single renal arteries Five with accessory Accessory renal artery found first at 
| renal arteries operation. One left nephrectomy 


abandoned in favour of right. 


Pre-operative 1 | Multiple renal do | Third right renal vessel found and 
and surgical | arteries: three on left, | ligated at surgery 
disagreeement | two on right 
l Single left, double Very early branching Difficult left nephrectomy with undue 
right renal arteries of left main renal blood loss. 
artery 











Fic. 2a. 


Early aortogram frame: note that the renal arteries (two on the right, one on the left) are the first to fill from the aorta, 
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Fic. 25 


t 


shows a double contour of the distal left main renal artery (arrows). This is therefore a very early division of 


this artery, effectively making a double artery problem for the surgeon. 





a 


renal arteries, but note that 
s also an early branch arising from the single right 
(arrow). This was effectively a double 
right renal artery problem for the surgeon. 


\ortogram showing two left 


there 


main renal artery 
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In two donors the small accessory renal artery 
could not be detected even on the angiogram review. 
One of these showed three left and two right renal 
arteries on arteriography (Fig. 4), but an additional 
third right vessel was found at right nephrectomy. 
All of the small accessory arteries were ligated, with 
no problems in the recipient from the resulting 
small renal infarct. 


Complications 

One donor suffered a femoral artery thrombosis 
after the aortogram, requiring surgery. In another 
renal artery 
selective catheterization of this vessel (Fig. 5). The 


donor dissection of the occurred on 
complication was not recognized at the time, but 
clearly seen on review of the angiogram. Fortunately 
this was the kidney chosen for nephrectomy, when 
the pulseless renal artery had to be disobliterated 
before the kidney could be used for transplanting. 
The transplant later failed because of rejection. 


Renal angiography problems in live kidney donors 


DISCUSSION 

We decided on this study in order to test the value 
and accuracy of pre-operative angiography in renal 
donors. Inevitably, we have shown that errors may 
occur, some of them potentially very serious. In this 
regard our experience is not dissimilar from that of 
previous reports (Farrell et al., 1973; Spanos et al., 
1974). We remain convinced that angiography is an 
essential step in the pre-operative assessment of the 
prospective kidney donor. The most important reason 
is that the healthy donor must not be left with a 
kidney which is structurally compromised. It is a 
tragedy to deprive such individuals of a healthy 
kidney if the remaining one harbours chance findings 
like renal artery stenosis, a large cyst, or even à 
silent carcinoma. Arteriography is the most certain 
method of discovering such lesions. 

For the proper management of the operative 
course, it is also essential to know about the arterial 
anatomy of the donor kidneys. It is possible to use 
kidneys with multiple arteries arising from the aorta, 
but such operations with additional vascular anasto- 
moses impose extra risks on the success of the trans- 
plant. There is agreement that this risk is best 
avoided, if necessary by choosing the donor's right 
kidney despite its less favourable venous anatomy. 
This choice assumes pre-operative arteriographic 
knowledge of a healthy, multiple-artery left kidney. 
If a kidney with more than one artery does have to be 
used, it is best to know the details of the anomaly to 
be encountered. Such a kidney may be chosen be- 
cause there are multiple renal arteries bilaterally. 

The prevalence of abnormalities and anomalies in 
this series refers only to donors coming to nephrec- 
tomy. We have not reviewed all prospective donors 
who had angiograms: in such studies more problems 
may be expected, since unsuitable prospective donors 
will be eliminated on the angiographic findings. ‘The 
four donors with renal cysts and four with main 
renal artery lesions amount to 9", of our patients. 
While renal cysts may be discovered by other means, 
angiography is the only way of defining renal artery 
obstruction before it leads to functional derangement. 
It was clear that our three patients with athero- 
matous narrowing of the right renal artery should 


Fic. 4. 
(4) This aortogram shows three left and two right renal 
arteries (arrows). 


(B) Selective injection of large right main renal artery. Note 
vascular defect at upper renal pole. 


(c) Selection injection of small upper pole right renal artery. 
Although two renal arteries appear to account for the whole 
of the vascular supply to this kidney, a third small upper 

pole vessel was found at operation. 
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Selective left renal arteriogram: a pencil-sharp sliver of contrast medium remains behind on this late frame, within the 
vascular wall &t the origin of the artery (arrow). This dissection was brought about by the selective catheter, and not rec- 


ognized at the time 


At operation fresh clot was found in the renal artery; 


this was removed, and the kidnev used for 


transplanting. 


donate their right, not left kidney. This risk of 


leaving a donor with an unhealthy kidney must be 
excluded, and needs no further emphasis 

Thirty-one of our 88 patients (35%) had multiple 
renal arteries, but only 24 of these (77%) were dis- 


covered pre-operatively, On post-operative review of 


the angiogram, the success rate could be lifted to 
94 Such second looks at angiograms known to 
harbour accessory vessels are instructive, but not a 
fair parallel to clinical practice. In two patients we 
were unable to find the additional renal vessel with 
hindsight, even on detailed selective arteriographic 
studies (Fig. 4). We suggest that an error rate of 
missing small additional renal artery twigs arising 
from the aorta is inbuilt to present day arteriography. 

The renal infarcts produced by ligation of small 


accessory vessels have not been important in the 
follow-up of our transplants. However, one donor 
with a large second renal artery was missed. On 
review this was a clear though difficult anomaly on 
the abdominal aortogram. The misdiagnosis here 
was serious: the kidney was explored, and a second 
incision needed for obtaining the more favourable 
contralateral kidney 

It is not always appreciated that for the surgeon an 
early division of a single main renal artery makes for 
very similar difficulties as those encountered with 
double arteries. Radiologists must be sure that their 
reporting and communicating on this point is clini- 
cally relevant: the message "single main renal ar- 
may be quite inadequate if it means an 
arterial trunk less than 1-2 cm long. Overlapping of 


teries” 
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the branches of such early divisions can be trouble- 
some on A.P. projection (Fig. 2). Access to the 
origin of the right renal artery is more difficult than 
to the left, so that particular care is needed on this 
side with early division (Fig. 3). 

Because of the obvious importance of multiple 
renal arteries in transplantation, selective arterio- 
graphy of the donor's kidneys might be thought an 
essential part of the procedure. There is no doubt 
that it improves diagnostic accuracy. Against this 
must be weighed the increased hazard involved with 
the manoeuvre, illustrated by one of our patients who 
suffered a renal artery dissection, This event is a well 
recognized risk of selective arteriography (Talner 
et al., 1975), though it was not spotted in our patient 
at the time. Tragedy for this donor was only averted 
because this kidney was the one chosen for nephrec- 
tomy on the grounds of being the left-sided organ. 

We conclude that a meticulous abdominal aorto- 
gram should be the standard approach to renal donor 
angiography. Rapid early films are essential: the 
renal arteries with their large blood flow fill first, and 
this order of appearance can be very useful when 
there is doubt about the presence of multiple vessels 
(Fig. 2). Small accessory renal vessels may be missed 
in about 2094 of patients, though with care this 
error rate could be driven down further toward the 
10% level. The accessory arteries missed at this 


level are tiny, and ligating them is probably of no 
importance to the fate of the transplant. Selective 
renal arteriography as a routine manoeuvre might 
increase diagnostic accuracy yet further, but we do 
not think it is justifiable in the delicate setting of the 
healthy donor who may be harmed in this way. If 
theabdominalaortogram revealsa diagnostic problem, 
selective arteriography may well be indicated. We 
would like to suggest that this further procedure is 
only for experienced hands and eyes. Our mis- 
diagnoses of major clinical importance have arisen 
because of inadequate interpretation of the abdomi- 
nal aortogram, not because of failure to find tiny 
additional vessels at selective arteriography. 
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ABSTRACT 

"The urinary iodine concentrations of a monomer (sodium 
iothalamate), a dimer (sodium iocarmate) and a non-ionic 
compound (metrizamide) have been compared in dogs with 
varying levels of solute excretion. All the animals were 
undergoing maximal antidiuresis, 

In dogs with normal solute excretion, metrizamide and 
iocarmate produced higher urinary iodine concentrations 
than iothalamate. There was no significant difference 
between metrizamide and iocarmate. With increasing levels 
of solute excretion, the differences between the compounds 
were reduced. 

‘These findings suggest that contrast media of reduced 
osmolality are unlikely to have a special place in advanced 
renal failure. 





The excretion. of urographic contrast media is 
accompanied by an osmotic diuresis. This is an im- 
portant factor limiting the concentration of iodine in 
the urine (Benness, 1965; Cattell et al., 1967; Saxton, 
1969). Recently, contrast media have been developed 
which have a lower osmolality in solution than the 
compounds currently in use. Two such compounds 
are sodium iocarmate, a dimer of sodium iothalamate 
and metrizamide, a non-ionic compound. Table I 
compares the osmolality per mg iodine in solution of 
these compounds with that of the monomer, sodium 
iothalamate. When the amount of solute required to 
give an equivalent dose of iodine is considered, it can 
be seen that the osmotic diuretic effect should be less 
with iocarmate than iothalamate, and less with 
metrizamide than iocarmate. Animal studies have 
confirmed that the concentration of iodine in the 


urine after the injection of doses containing an equal 
amount of iodine is higher with iocarmate and metri- 
zamide than with iothalamate (Hilal, 1970; Benness 
and Glazer, 1973; Golman and Almen, 1973; 1976) 
and higher with metrizamide than with iocarmate 
(Golman and Almen, 1976). 

However, all these studies were carried out in 
animals which were concentrating their urine nor- 
mally. In clinicgl practice urography with current 
contrast medía is usually satisfactory in patients who 
are concentrating their urine. Difficulties occur when 
the kidneys are not concentrating well, especially 
when there is overt renal failure. In many such 
patients an endogenous osmotic diuresis contributes 
to the failure to concentrate urine. Since this is the 
type of patient who might benefit from the use of 
contrast media producing less osmotic diuresis, we 
decided to compare the excretion of sodium iocar- 
mate and metrizamide with that of sodium iothala- 
mate in animals with varying degrees of induced 
osmotic diuresis. 


MATERIALS AND METHODS 
Studies were carried out in mongrel dogs of either 
sex, weighing 13.5-22.5 kg, fasted overnight but 
without fluid restriction. All experiments were 
carried out under sodium pentobarbitone anaes- 
thesia (Nembutal 20-30 mg/kg i.v.) with the dogs 


TABLE I 
ÜSMOLALITY COMPARISONS OF CONTRAST MEDIA 





























Dose of contrast given 
Osmolality of solution 

Type of compound | (josmol/mg 1 in solution) mg [/kg solute/kg 
(uosmol) 

Monomer 5.18 500 2590 

"UE Dimer 3.40 500 1700 
(65% )* 

Non-ionic 1.62 500 810 
(31% )* 

ask! : i 




















*Yigures in brackets indicate solute load as a percentage of the solute load given with the monomer. 
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breathing spontaneously through an endotracheal 
tube. 

Through a suprapubic laparotomy, both ureters 
were catheterized at pelvic brim level with soft poly- 
thene tubing (Portex umbilical cannula FG6, inter- 
nal diameter 1.4 mm). Blood samples were taken 
through a catheter in the inferior vena cava. Blood 
pressure was monitored via a catheter in the femoral 
artery connected to a Statham transducer. 

In order to obtain comparable resting rates of 
urine flow, all animals were studied under conditions 
of maximal antidiuresis. This was achieved by giving 
2 ug 1-deamino-8-D-arginine vasopressin (DDAVP) 
intravenously. After 45 minutes, urine was collected 
for the measurement of flow rate and osmolality. 
Dogs were divided into three groups, given mannitol 
as follows: 

Group A. No mannitol. 

Group B. Loading dose of 1.5 mOsm/kg of 5% 
mannitol followed by a constant infusion to achieve a 
steady moderate, osmotic diuresis (0.5-0.8 ml/min). 

Group C. Loading dose of 3.0 mOsm/kg of 5% 
mannitol followed by a constant infusion to achieve 
a steady large osmotic diuresis (2.2-3.2 ml/min). 

After 45 minutes stabilization on the above in- 
fusions, three 15-minute control urine collections 
were made. Each group was then divided into sub- 
groups 1, 2 and 3 which were given sodium iothala- 
mate, sodium iocarmate and metrizamide respective- 
ly. The dose for all three contrast media was 500 mg 
'djodinejkg injected over 30 seconds. Further urine 
collections were obtained at 0—3, 3-10, 10-20, 20-30, 
30-45 and 45-60 minutes after the injection of con- 
trast. In the analysis of the results the 0-3 minute 
urine collection has been excluded as this is affected 
by the washout of the renal tubules, collecting 
systems and ureteric catheters (Morales et al., 1950; 


Chinard, 1955). Heparinized blood samples were 
taken at the beginning and end of each urine col- 
lection. 

'The concentration of contrast medium in plasma 
and urine was measured by a spectrophotometric 
method similar to that described by Purkiss ef al. 
(1968). The osmolality of plasma and urine was 
measured on an advanced osmometer. Statistical 
analysis of the results was by Student's ¢ test. 


RESULTS 
Comparable basal rates of urine flow and solute 
excretion were obtained in 36 dogs. Twelve dogs 
were studied at each level of solute excretion. These 
groups of 12 dogs were divided into three subgroups 
of four dogs, and each subgroup received a different 
contrast medium (Table IT). 


Group A. DDAVP only (Table IHI) 

In all urine collections the iodine concentrations 
with iocarmate and metrizamide were significantly 
higher than those with iothalamate (p < 0.05). There 
was no significant difference between the iodine con- 
centrations with metrizamide and iocarmate at any 
time. 

The mean urine flow rates with metrizamide were 
less than those with iocarmate, which were in turn 
less than those with iothalamate. However, a signifi- 
cant difference was only consistently seen between 
metrizamide and iothalamate. 


Group B. DDAV P/moderate mannitol diuresis (Table 
IV) 

The urinary iodine concentrations with iocarmate 
were significantly higher than those with iothalamate 
up to 20 minutes. The iodine concentrations with 
metrizamide were significantly higher than those 


TABLE H 
MEAN CONTROL URINE FLOW AND SOLUTE EXCRETION RATES 
Grovps (12 DOGS IN EACH) 











B. DDAVP/moderate C. DDAVP/large | 






































A. DDAVP* mannitol diuresis* mannitol diuresis* | 
Subgroups given different Urine flow Solute Urine flow Solute Urine flow Solute 
contrast media rate excretion rate excretion rate excretion | 
(four dogs in each) (ml/min) {posm/min) (ml/min) (uosm/min) (ml/min) (ui osm/min) 
1. Sodium iothalamate 0. 14 351 0.72 657 2.63 1520 
2. Sodium ; iocarmate 0.16 327 0.74 761 2.84 1604 
3. Metrizamide 0.16 340 0.70 755 2.52 1636 | 
Rect 
*There is no significant difference (p <0.05) in urine flow rate or solute excretion between subgroups 1, 2 and 3 within 


Groups A, B and C. 
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TABLE III 


Group A. DDAVP onLy 
(a) MEAN URINE CONTRAST CONCENTRATION (mg I/ml) 








TABLE IV 


Group B. DDAVP/MODERATE MANNITOL DIURESIS 
(a) MEAN URINE CONTRAST. CONCENTRATION (mg l/mil) 


































































































| Collection o Collection Period i E 
| (min.) 3-10 |10-20 v (min.) 3-10 |10-20 | 20-30 | 30-45 | 45-60 
REUNIR 79 | 9i | 105 1. Iothalamate | 66 | 58 | 49 | 44 | 37 
[9 aciei" — | | 128 | 136 | 147 | 145 2. learmmte | 96 | 75 | 58 | 51 | 42 
|3. Merrizamide “Tass | 145 | 159 | 160 3. Metrizamide | 123 | 82 | 65 | s3 | 45 | 
p. qu 0.001 [0.01 0.01 13. ] j | 0-01 005. ; Ns | NS | Ns 
tv3. Spe 0.01 |0.01 | 0.001 | 0.001 v3. bps 0-01 | 0-01 | 0-01 | NS | NS 
[2v.3. J | N8 | NS | NS | NS 2:3. | E NS | NS | NS | NS | NS 
RE MESE NUS ERT) g 
(b) MEAN URINE FLOW RATE (ml/min) (b) MEAN URINE FLOW RATE (ml/min) 

l n : i 1 | lection period j | | 2] 
| PI IS 3-10 | 10-20 | 20-30 | 30-45 [45-60 i “(min 3-10 | 10-20 | 20-30 | 30-45 | 45-60 
1. lothalamate | 2.28 | 1.26 | 0.73 | 0.46 | 0.34 1. lothalamate — [2.85 | 1.93 | 1.50 | 1.16 | 0.98 | 
[2. locarmate — | 1.58 | 0.92 | 0.58 | 0.37 m 2. locarmate 241 | 1.62 | 1.32 | 1.09 | 0.93 
3 Metrizamide 11321073 603 3. Metrizamide | 1.87 | 1.41 | 1.15 ir 

1«2. ) loo | 0.01] NS 

L3. bps 0.001 | 0.01 | NS 

y. 0.00 | NS | NS. 

















with iothalamate up to 30 minutes. There was no 
significant difference between the iodine concentra- 
tions with metrizamide and iocarmate in any col- 
lection. 

The urine flow rates with iocarmate and metri- 
zamide were significantly less than those with iothal- 
amate up to 20 minutes. In addition, up to ten 
minutes the urine flow rate with metrizamide was 
significantly less than that with iocarmate. 


Group C. DDAV Pilarge mannitol diuresis (Table V) 

There was no significant difference in urinary 
iodine concentration with iocarmate and iothalamate 
or with metrizamide and iothalamate. There was a 
significant difference up to 20 minutes between 
metrizamide and iocarmate, but the actual differ- 
ences were small, 

"There was no significant difference in urine flow 
rates between any of the compounds. 


Discussion 
Our results in dogs with no mannitol infusion con- 
firm reports that in dehydrated animals the dimer 
iocarmate produces higher urinary iodine concentra- 
tions than the monomer iothalamate (Hilal, 1970; 


















































TABLE V 
Gnour C, DDAVP/LARGE MANNITOL DIURESIS 


MEAN URINE CONTRAST CONCENTRATION (mg I/ml) 













































Collection period 
(min.) 3-10 | 10-20 
d Iothalamate T a 29 E 
2. Iocarmate | 44 | 29 
3. Metrizamide | 53 | 34 
1v2 | Ns | NS 
Tv3. Spe “ns | NS | NS 
p [ees | 0.02 DN 








Benness, 1970; Benness and Glazer, 1973; Golman 
and Almen, 1976). They also confirm the findings of 
Golman and Almen (1973; 1976) in rabbits that the 
non-ionic compound metrizamide produces higher 
urinary iodine concentrations and less increase in 
urine flow rate than iothalamate. The findings differ 
from those of Evill and Benness (1974) who found no 
difference in dogs between metrizamide and iothala- 
mate. However, they were using a smaller dose of 
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contrast medium (125 mg 1/kg) which would pro- 
duce a smaller diuresis. Thus, Golman and Almen 
(1973; 1976) have shown that the differences be- 
tween contrast media of different osmolality are less 
with lower doses. 

We did not show any significant difference in 
urinary iodine concentration between iocarmate and 
metrizamide although it had been anticipated that 
the different solute load given with the compounds 
(Table I) would be reflected in the final urine. Our 
finding differs from that of Golman and Almen 
(1976) who obtained higher concentrations with 
metrizamide than iocarmate in rabbits. 

This discrepancy raises an important point. To 
explain it we must consider what is happening not 
only in the proximal tubule but also in the distal 
tubule, where the level of antidiuretic hormone 
(ADH) activity modifies the degree of osmotic 
diuresis (Zak et al., 1954; Orloff et al., 1957). A non- 
reabsorbable solute produces an osmotic diuresis by 
reducing the amount of water reabsorbed in the 
proximal tubule. More of the filtered water is thus 
delivered to the distal tubule and so to the urine. 
The amount of water entering the distal tubule 
depends on the load of non-reabsorbed solute but 
the proportion reaching the urine also depends on 
the amount reabsorbed in the distal tubule under the 
influence of ADH. If the subject is dehydrated and 
reabsorbing water maximally the distal tubule may 
be able to reabsorb much of the additional water 
entering from the proximal tubule. Thus reabsorp- 
tion of water distally may partially or completely 
obscure the effect of varying degrees of proximal 
osmotic diuresis. The level of ADH activity is there- 
fore an important factor to be taken into account 
when comparing contrast media of different osmola- 
lity (Golman and Almen, 1976). 

It seems likely therefore that the difference be- 
tween our results and those of Golman and Almen 
(1976) can be accounted for by the differences in the 
two experimental models. Their rabbits were not 
fluid restricted and had preliminary urinary osmola- 
lities of over 600 mOsm/kg”. In our dogs there was 
a much greater degree of initial antidiuresis—the 
mean preliminary urine osmolality being 2050 
mOsm/kg. For the same reasons, the differences we 
observed between compounds of ditfering osmolality 
may be more evident in man in whom urinary con- 
centrating capacity is less than in dogs. Thus the 
maximum urinary osmolality in man is approximately 
1200 mOsm/kg (Pitts, 1974) and in patients coming 
to urography the urinary osmolality is considerably 
lower than this. 

The studies with mannitol infusion were designed 


to simulate the endogenous solute diuresis of renal 
failure. In renal failure it is believed that the 
nephron population in the kidney is reduced and 
that the normal daily load of water and solute is all 
carried by the few remaining nephrons (Bricker, 
1969). These nephrons are thus hyperperfused or 
subject toa constant endogenous solute diuresis. This 
contributes to the impaired urine concentrating 
ability of patients with renal failure. 

In the dogs given a mannitol infusion sufficient to 
produce a moderate osmotic diuresis (Group B) 
solute excretion was increased to rather more than 
twice normal. This is equivalent to halving the 
nephron population so that each remaining nephron 
must carry double the solute load. In the dogs with a 
large osmotic diuresis (Group C) solute excretion 
was increased to about five times normal~-equiva- 
lent to an 80°, reduction of nephron population. 

Under conditions of moderate osmotic diuresis 
(Group B) there were significant differences in 
urinary iodine concentrations between iocarmate and 
iothalamate and between metrizamide and iothala- 
mate. These differences were proportionally less 
than in dogs with normal solute excretion. As in the 
dogs with normal solute excretion, differences in 
iodine concentration between iocarmate and metri- 
zamide were not significant. When the baseline 
solute excretion was greatly increased (Group C) the 
differences between the compounds were almost 
completely lost. 

These results show that any benefit obtained from 
using the compounds of reduced osmolality is de- 
creased as the resting level of solute excretion in- 
creases. This must raise doubts about the value of 
dimers and non-ionic compounds in patients with 
renal failure in whom the endogenous osmotic 
diuresis is likely to be nearer that in Group C than in 
Group B. 

In conclusion this study has confirmed the ad- 
vantages to be expected from contrast media with 
reduced osmotic properties under conditions of 
normal solute excretion. It has also highlighted the 
importance of considering resting solute excretion 
and the degree of ADH activity when comparing the 
effects of contrast media of differing osmolality. The 
results indicate that contrast media of reduced 
osmolality are only likely to be of value in patients 
with impaired renal function when endogenous 
solute excretion is not excessive. 
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Book review 


Radiographic Contrast Agents. Edited by Roscoe E. Miller 
and Jovitas Skucas, pp. xv--515, illus., 1977 (Baltimore- 
London- Tokyo, University Park Press), 21-25. 

The two editors have written the opening six chapters— 
everything about barium sulphate, This first third of their 
book is superb, and I would like to quote extensively from 
their summary: 

"Al so-called ‘colloidal’ barium sulfate preparations for 
radiology contain additives or contaminants in small 
amounts that, through surface action, affect surface tension, 
hydration, particle charge, and pH. These physical proper- 
ties markedly influence particle size, flocculation, suspen- 
sion, and viscosity. These latter properties, in turn, largely 
determine the suspension's ability to settle, flow, bubble, 
form blood clots, and make lesion-like artifacts; to coat and 
stick to the mucosa, form various film thicknesses, crack, and 
achieve and maintain various degrees of density; and to be 
recorded on the radiograph. 

“Most barium sulfate additives are not listed on the con- 
tainer, are almost invariably present, and form a coat that is 
adsorbed on the aggregate particles’ surface. This covering 
may consist of many substances in a variety of patterns with 
multiple degrees of tonic charge and hydration. 

“The radiologist, knowingly or unknowingly, purpose- 
fully or haphazardly, changes the viscosity, density, surface 
tension, and film-forming qualities of his suspensions by 
selecting different brands of barium sulfate and by choosing 
the concentration and mixing methods in their prepara- 
tien... 

“By understanding the basic physical, chemical, and 


colloidal properties of barium sulfate suspensions and by 
taking advantage of additives already present, the clinical 
radiologist can control the performance of his barium sulfate 
suspensions through intelligent modification. He can do this 
quite easily by altering rationally his preparation methods 
and by judicious combination of different compatible barium 
sulfate compounds in various proportions. With their 
multiple additives, the radiologist can then use these com- 
bined compounds under local conditions in different con- 
centrations for numerous types and methods of examination 
with superior results . . . 

“These seemingly simple, but fundamental procedures, 
let alone the theory behind them, have not been suggested 
previously in the radiological, medical, patent, or advertis- 
ing literature." 

'This work goes a long way toward correcting our ignor- 
ance about the worst labelled substance in clinical medicine. 
The rest of the book contains expert contributions by 17 
authors on hepatobiliary, pancreatic, genitourinary, angio- 
graphic, bronchographic, myelographic and miscellaneous 
contrast agents. There is a final section on paediatrics. These 
chapters are all clearly presented, and I thought the biliary 
section particularly good. Inevitably authors often have to 
go over ground already covered in other publications; the 
editors have set their contributors an unfairly hard task in 
matching the knowledgeable enthusiasm and originality of 
the opening barium chapters. The book is worth buying for 
these alone, and also as a compact practical reference work 
on all contrast media. 

THOMAS SHERWOOD. 
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ABSTRACT 


Plasma ioglycamide concentration was linearly related to 
the rate of intravenous infusion over a dose range of from 1 
to 4 mg per kg per min. The relation between plasma and 
biliary concentration of ioglycamide was studied in 15 
anicteric patients with a T-tube in situ. Peak biliary concen- 
trations and excretory rates of ioglycamide were seen when 
the plasma concentration was greater than 1500 ug per ml. 
The mean biliary transport maximum (Tm) for ioglycamide 
in man was 31.6 mg/min (range 22.0—40.4). The results 
suggest that near optimal concentrations of iodine in the 
bile duct can be obtained during intravenous cholangio- 
graphy if ioglycamide is infused for one hour at a rate of 
about 4 mg per kg per min. 


Methylglucamine iodipamide (Biligrafin —Schering 
Chemicals Ltd.) has been in use as a biliary contrast 
agent since 1953 and is still the only intravenous 
cholangiographic substance approved for use in 
the United States (Burgener and Fischer, 1975). 
A new cholangiographic agent, methylglucamine 
ioglycamide (Biligram—Schering Chemicals Ltd.) 
was introduced in 1964 (Hoppe, 1964) and 
is now used extensively, both on the Continent 
and in the United Kingdom. In a recent 
postal questionnaire survey conducted in Great 
Britain (Bell et al., 1975) it was found that over 
75%, of radiologists were using ioglycamide in pre- 
ference to iodipamide. When the standard 100 ml 
bottle of 1794 ioglycamide (Biligram infusion— 
Schering Chemicals Ltd.) was used it was found 
that the time taken to administer the contrast mat- 
erial via the drip varied from 20 minutes to several 
hours. This vast range of rates of administration 
presumably reflects the controversy which exists in 
the literature regarding the relative efficacy of the 
different methods for performing intravenous chol- 
angiography using either iodipamide (Feldman and 
Keohane, 1966; Darnborough and Geffin, 1966; 
McNulty, 1968; Payne, 1968; Foy, 1968; Margolin 





*'T'his work had received the approval of the St. Bartholomew's 
Hospital Ethical Committee and the informed consent of 
the patients was obtained before the investigations were 
performed. 


+Present address: Senior Lecturer, University Department 
of Therapeutics, City Hospital, Hucknall Road, Nottingham. 
[Research carried out while holder of Mackenzie MacKinnon 
Streatfield Research Fellowship. 


11 


and Obata, 1968; Allen, 1969; Scholz et al., 1975) or 
ioglycamide (Parkin and Herlinger, 1974; Cantwell, 
1974). In view of the known hazards associated with 
intravenous cholangiography (Ansell, 1970) we de- 
cided to determine, in man, the lowest infusion rate 
of ioglycamide necessary to achieve optimal radio- 
graphic opacification of the bile duct. In order to 
determine this it was necessary to investigate (1) the 
relation between infusion rate and resulting plasma 
concentration of ioglycamide, and (2) the relation 
between plasma level and biliary excretion of the 
compound. This paper reports our findings. 


MATERIALS AND METHODS 


Relation between infusion rate and plasma concen- 
tration of ioglycamide 
We studied 36 patients who had been referred to 

the Radiology Department for intravenous cholangio- 
grams. All patients had a serum bilirubin of less than 
25 mmol/l (< 1.5 mg/100 ml) at the time of study. A 
blood sample was taken before and at regular inter- 
vals during the infusion of ioglycamide using the 
opposite arm to that employed for the intravenous 
cholangiogram drip. The plasma ioglycamide con- 
centrations were measured on the same day as the 
cholangiogram using the spectrophotometric method 
of Fleck et al. (1974). The contrast agent was infused 
intravenously using the commercially available 100 
ml infusion bottles of 1794 ioglycamide (Biligram— 
Schering Chemicals Ltd.). The rate of administration 
of the ioglycamide was controlled using an [VAC 
531 infusion pump (IVAC Corporation, Harrow, 
Middlesex). The biliary contrast agent was infused 
at a rate of either 1, 2, 3 or 4 mg per kg body weight 
per minute for 60 minutes. The numbers of patients 
in each of the four infusion groups were as follows: 

1 mg/kg/minute—5 patients 

2 mg/kg/minute—11 patients 

3 mg/kg minute—10 patients 

4 mg/kg/minute—-10 patients 

'The patients given 4 mg/kg/min of ioglycamide 

for 60 minutes had the infusion continued for a 
further 30 minutes at the slower rate of 1 mg/kg/ 
min. 
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Relation between plasma and biliary concentration of 
foglycamide in patients with a T-tube in situ 

A total of 15 patients with a biliary T-tube in situ 
were studied. All patients had undergone cholecys- 
tectomy and exploration of the common bile duct for 
gall-stones, A post-operative T-tube cholangiogram 
was performed on the seventh or eighth post-opera- 
tive day before clamping off the T-tube. The studies 
were all carried out two or three days later when the 
enterohepatic circulation of bile salts had become 
re-established. The serum bilirubin of all the pa- 
tients was normal at the time of study. At the begin- 
ning of the experiment the T-tube was unclamped 
and the bile allowed to drain by gravity drainage. 
Two baseline ten-minute bile samples were taken 
before the intravenous infusion of ioglycamide was 
started. Bile samples were then collected at ten- 
minute intervals for the next 120 minutes. 

Two patients were given a two-hour infusion of 
ioglycamide at a rate of 1 mg/kg/min. Seven pa- 
tients received ioglycamide at a rate of 2 mg/kg/min; 
infusion times of either one hour (two patients) or 
two hours (five patients) were employed. Five pa- 
tients had a one hour infusion at 4 mg/kg/min, fol- 
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‘The concentration of ioglycamide reached in the plasma of 
patients at the end of a one-hour infusion cholangiogram at 
a number of different infusion rates. 


lowed by 30 minutes infusion at 1 mg/kg/min, while 
finally one patient received 6 mg/kg/min for one 
hour followed by 30 minutes infusion at 1 mg/kg/ 
min. Blood samples were taken from all 15 patients 
before the ioglycamide infusion was started. Three 
or four further blood specimens were taken from 
each subject at intervals between 60 and 120 min- 
utes after the beginning of the infusion. The plasma 
concentrations of ioglycamide were measured on the 
same day by the method of Fleck et al. (1974). The 
bile samples were stored at 20°C and later iogly- 
camide concentrations were measured spectrophoto- 
metrically using the method of Bell et al. (1978). The 
biliary secretion rate of ioglycamide in mg/min 
over any given period was calculated by multiplying 
the concentration of the contrast agent in the bile 
specimen by the volume of the ten-minute sample 
and dividing by ten. 


RESULTS 

Relation between infusion rate and plasma concen- 
tration of toglycamide 

When the infusion rate of ioglycamide was in- 
creased from 1 to 4 mg/kg/min the plasma concen- 
tration appeared to rise in a roughly linear fashion. 
The levels reached at the end of the 60 minutes 
infusion were 286 (4-45); 863 (--59); 1134 (4.35); 
and 1484 (4-106) ug/ml respectively in the 1, 2, 3 
and 4 mg/kg/min infusion groups (see Fig. 1). 
Figure 2 shows the serial plasma concentrations of 
the ten patients given ioglycamide at a rate of 4 mg/ 
kg/min for 60 minutes followed by 1 mg/kg/min 


Plasma loglycamide pg/ ml 
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The plasma concentration of ioglycamide (mean 4-SEM) in 
ten patients given 4 mg/kg/min for 60 minutes followed by 
1 mg/kg/min for a further 30 minutes. 
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for a further 30 minutes. It can be seen that the 
plasma concentration of the contrast material rea- 
ched by 60 minutes was maintained by prolonging 
the infusion at the lower rate. 


Relation between plasma and biliary concentration of 
toglycamide in patients with a T-tube in situ 

The relation between plasma and biliary concen- 
tration of ioglycamide is shown in Fig. 3 while that 
for plasma concentration and biliary excretion of the 
compound is shown in Fig. 4. 

As the plasma concentration of ioglycamide in- 
creased its biliary concentration and excretion rate 
also increased. Both the concentration. and the 
biliary excretion of ioglycamide increased markedly 
at lower plasma levels but began to plateau off when 
the plasma concentration reached between 1250 and 
1500 ug/ml. When the plasma concentration was in 
excess of 1500 pg/ml there was little further ap- 
preciable enhancement of biliary excretion of 
ioglycamide. 


toine % 
in bite 





LI Ll 10 1500 10 
Plasma Concentration of Loglycamióe ug ! mt 
Fic. 3. 


The relationship between plasma and biliary concentration 
of ioglycamide in man. The interrupted line represents a 
biliary concentration of 1°, ioding. 
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"The relationship between plasma concentration and the rate 
of excretion of ioglycamide into bile in man. 


Figure 5 shows the biliary excretion of iogly- 
camide in mg/min in the five patients given 4 mg/ 
kg/min of ioglycamide for 60 minutes followed by 
1 mg/kg/min for 30 minutes. The mean biliary ex- 
cretion rate over the last 30 minutes of the infusion 
was 31.6 mg/min (range 22.0—40.4). 


Relation of ioglycamide infusion rate to biliary concen- 
tration achieved 

Table I and Fig. 6 show the concentration of the 
contrast agent appearing in the T-tube bile speci- 
mens from time 0 to 70 minutes after the start of 
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Biliary excretion of ioglycamide in mg/min in five patients 
given 4 mg/kg/min of contrast for 60 minutes followed by 
1 mg/kg/min of contrast for a further 30 minutes. The 
biliary transport maximum for ioglycamide ('T'm) is approx- 
imately 32 mg/min. 


Concentration of loglycamide in bile mg/m! 











Minutes 


Fic. 6. 


Mean concentration of ioglycamide achieved in the bile of 

patients receiving an intravenous infusion of the contrast 

agent at a rate of between 1 and 6 mg/kg/min. The number 

of patients studied in each group is shown in parentheses 
(see also Table I). 


113 





Vor. 51, No. 602 


G. D. Bell, M. Fayadh, Y. Frank, J. 


McMullin and I. Kelsey Fry 


TABLE I 


CONCENTRATION OF IOGLYCAMIDE (MG/ML) APPEARING IN HUMAN 'T-TUBE BILE—EFFECT OF RATE OF 
INTRAVENOUS INFUSION 
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the intravenous infusion of ioglycamide. Normally if 
a patient has a one-hour drip infusion cholangiogram 
the first radiographs would be taken approximately 
ten minutes after the drip was taken down. The 
concentration of ioglycamide (and hence iodine) 
achieved in the bile duct in the period between 60 to 
70 minutes is thus of particular interest to the radi- 
ologist. "here was a marked increase in the biliary 
concentration of ioglycamide in the 60- and 70- 
minute bile samples, when the infusion rate of the 
contrast agent was increased from 1 to 2 mg/kg/min. 
Again, when the infusion rate was increased from 2 
to 4 mg/kg/min there was a further, though less 
pronounced, rise in biliary concentration. No further 
useful increase in biliary ioglycamide was obtained 
in the single patient in whom an infusion rate of 
6 mg/kg/min was used instead of the 4 mg/kg/min 
régime. (see Fig. 6). 


Discussion 
Our results show that the plasma concentration of 
ioglcamide was linearly related to the infusion rate 
over the dose range used. Using iodipamide in the 
dog, a similar relation between infusion rate and 
plasma level has recently been reported (Loeb et al., 
1975). 

In the same paper Loeb et al. (1975) suggested 
that a hypobolic curve best described the relation- 
ship between plasma and biliary concentration of 
iodipamide. We did not feel justified in fitting our 
own data relating plasma and biliary ioglycamide 
levels to similar curves because of (a) the large 
scatter of results, and (b) the comparatively small 
number of observations at very low (i.e. 250 ug/ml) 
and very high (i.e. 2000 pg/ml) plasma ioglycamide 


concentrations. However, our results do show that at 
low plasma levels the biliary concentration of iogly- 
camide increases as the plasma level rises, but that 
once the plasma level reaches 1250-1500 pg/ml 
there 1s little if any increase in the concentration of 
bile. 

If we conclude that plasma levels of ioglycamide of 
the order of 1250-1500 ug/ml are necessary to be 
quite sure that the patient is secreting the contrast 
agent into the bile at maximum possible concen- 
tration, we need to ask what infusion rate is neces- 
sary to achieve this? The results suggest that if 
ioglycamide is to be administered over a period of 
one hour the lowest rate of infusion which. will 
achieve these levels consistently is 4 mg iogly- 
camide/kg/min. ‘ 

In order to get good opacification of the gall- 
bladder as well as the bile duct it is an advantage to 
have the liver excreting the contrast medium at its 
highest possible concentration over a prolonged 
period of time. From Fig. 5 it can be seen that a 
constant high rate of excretion could be obtained by 
slowing the infusion rate from 4 mg to 1 mg/kg/min 
once the desired plasma concentration has been 
reached (see also Fig. 2). 

Fuchs and Preisig (1975) attempted to measure 
the biliary Tm for ioglycamide in three patients with 
a T-tube zz situ and obtained figures of between 19.8 
and 23.7 mg/min. In their studies (Fuchs and Preisig, 
1975) the ioglycamide was infused at a rate of only 
about 1 mg/kg/min. It is unlikely that sufficiently 
high plasma concentrations of the contrast agent 
were ever achieved to ensure optimal biliary ex- 
cretion. In contrast, it can be seen from Fig. 2 and 
Fig. 4 that near optimal plasma levels of ioglycamide 
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for biliary excretion were obtained by infusing at 
4 mg/kg/min for one hour. We therefore think that 
the mean biliary excretion of ioglycamide recorded 
in these patients of 31.6 mg/min (see Fig. 5) is likely 
to be nearer the true Tm value than that found by 
Fuchs and Preisig (1975). 

These results suggest that the optimum infusion 
rate for ioglycamide is 4 mg/kg/min for one hour. 
loglycamide contains 50% iodine so that this rate 
corresponds to a rate of iodine administration of 
2 mg/kg/min giving a total dose of iodine in a 70 kg 
patient of 8.4 g iodine. This can be achieved in 
practice by infusing 100 ml of the commercially 
available 1794 Biligram over 60 minutes. If there is a 
need to maintain an optimum plasma level the 
infusion may be continued at a reduced rate. 

The clinical significance of the different infusion 
rates can only be determined by comparative clinical 
studies. An observation by Edholm and Jacobson 
(1959) does, however, suggest that the higher con- 
centrations obtained with the higher infusion rates 
are likely to be important. These workers reported 
that a concentration of at least 19; iodine in the bile 
is required for adequate visualization of the duct. 
This is equivalent to 20 mg/ml ioglycamide. It can 
be seen from Fig. 3 that when the plasma iogly- 
camide concentration in the present studies was 
below 800 ug/ml all resulting biliary concentrations 
were below this critical level. When plasma concen- 
trations were above 1200 ug/ml the majority of the 
patients could achieve biliary ioglycamide concen- 
trations well above 20 mg/ml. These high concen- 
trations were only consistently observed with an 
infusion rate of 4 mg/kg/min. 


ACKNOWLEDGMENTS 
This work was in part supported by a grant from Schering 
AG who also supplied the labelled ioglycamide. Financial 
support from the Joint Research Board of St. Bartholomew's 
Hospital and the Duchess Peel Memorial Fund is also 
gratefully acknowledged. One of us (G.D.B.) was in receipt 
of a grant from the Mackenzie Mackinnon Streatfield Re- 
search Fellowship. The authors are grateful to Dr. A. M. 

Dawson for his help and encouragement. 


REFERENCES 


ALLEN, W. M. C., 1969. Drip infusion cholangiography in 
cases of failed cholangiography. British Journal of Radio- 
logy, 42, 347-350. 

ANSELL, G., 1970. Adverse reactions to contrast agents. 
Investigative Radiology, 5, 374—391. 

Bett, G. D., FavapH, M., Smita, P. L. C., Frank, J., and 
Kesey Fry, L, 1975. Intravenous cholangiography—is 
technique important? (Abstract) Gut, 16, 841. 

Beit, G. D., McMurtuiN, J., OrivgR, J., and MCALISTER, 
J. M., 1978. A simple spectrophometric method for 
measuring biliary ioglycamide (Biligram) concentration, 
British Journal of Radiology, 51, 17-19 

BunRGENER, F. A., and Fiscugg, H. W., 1975. Intravenous 
cholangiography in normal and subsequently liver dam- 
aged dogs. Americam Journal of Roentgenology, 114, 519— 
524. 

CANTWELL, D. F., 1974. Intravenous cholangiography using 
ioglycamate (Biligram) infusion. Jrish Journal of Medical 
Science, 148, 325-329. 

DanNBOROUGH, A., and Gerren, N., 1966. Drip infusion 
cholangiography, British Journal of Radiology, 39, 827- 
832. 

EpHoLM, P., and Jaconson, B., 1959, Quantitative deter- 
mination of iodine in vivo. Acta Radiologica, 52, 337—346. 
Fe_pman, M. L, and Kreouang, M., 1966. Slow infusion 

intravenous cholangiography. Radiology, 87, 355—356, 

FLECK, A., Carns, S., Lucas, J., and Duncan, J. G., 1974. 
Determination of plasma levels of biliary contrast media, 
Clinical Radiology, 25, 511-516. 

Foy, R. E., 1968. Slow infusion compared with direct in- 
jection cholangiography. Radiology, 90, 576-578. 

Fucus, W. A., and Preisic, R., 1975. Prolonged drip in- 
fusion cholangiography. British Journal of Radiology, 48, 
539-544. 

Horre, G., 1964. Das positive cholangiogramm als Wert~ 
masstmab für Gallenkontrastmittel. Fortschritte auf dem 
Gebiere der Róntgenstrahlen und der Nuklaermedizin, 100, 
520-524. 

Loer, P. M., Berk, R. N., Fep, G. K., and WHEELER, H. 
O., 1975. Biliary excretion of iodipamide. Gastroenter- 
ology, 68, 554—562. 

MancoLIN, F. R, and Osata, W., 1968. Drip infusion 
ta cholangiography. Radiologia Clinica, 37, 353-- 

56. 

McNutty, J. G., 1968. Drip infusion cholecysto-chol- 
angiography. Radiology, 90, 570-575. 

Parkin, G. J. S., and HrnLiNGER, H., 1974. Simplified 
cholangiography using ioglycamide. Gut, 15, 268-272, 

Payne, R. F., 1968. Drip infusion cholangiography. Clinical 
Radiology, 19, 291-295, 

Scuorz, F. J., Jounston, D. O., and Wise, R. E., 1975, 
Intravenous cholangiography. Optimum dosage and 
methodology. Radiology, 114, 513-518. 





115 





1978, British Journal of Radiology, 51, 116-121 


The contribution of echography in the diagnosis of proptosis 


By G. R. Sutherland, F.R.C.P.(Ed.), F.R.C.R. 


Department of Radiology, Stobhill General Hospital, Glasgow 


(Received July, 1977) 


ABSTRACT 

Echography was used to examine the retro-bulbar space of 
150 patients with proptosis, An NE Diasonograph was used 
with an 8 MHz probe using a water bath in the supine 
position. Lesions were classified ultrasonically as (1) tumour, 
(2) inflammatory oedema (including pseudo-tumour or 
other granulomas), (3) traumatic, (4) dysthyroid ophthal- 
mopathy, (5) normal. Thirty-one patients were placed in 
the tumour group but three of these were subsequently 
found to have granulomas, In addition, one patient with a 
normal ultrasonic appearance, was found to have a men- 
ingioma en plaque at operation. There were no false positive 
results in the inflammatory group but again one patient with 
a normal ultrasonic appearance was eventually diagnosed as 
having an orbital inflammatory process. The ultrasonic 
findings in inflammatory disease are non-specific and three 
were found to be associated with or possibly caused by 
venous thrombosis or arteritis of the orbit. The changes 
have to be distinguished from thyroid ophthalmopathy but 
this disorder is generally bilateral which is unusual in in- 
Hammatory disease. Traumatic oedema and haemorrhage 
are distinguished by the obvious antecedent history. Because 
of the variability of the amount and position of the retro- 
bulbar fat in the posterior part of the orbit, it is necessary to 
rnake a comparative scan of the normal orbit in all patients 
with suspected retro-bulbar pathology. 


Proptosis is the commonest presentation of patients 
requiring investigation of the orbit. Although the 
presence of proptosis is usually obvious, until re- 
cently its investigation has been difficult, cumber- 
some and even dangerous, using the standard radio- 
logical techniques. T'hesituation has been transformed 
in a few centres by the use of the CAT scanner but 
more widely by the application of ultrasonic B- 
scanning techniques (Coleman, 1972; Bronson, 
1974). Although echography has been used for many 
years to investigate the retro-bulbar area (Ossoinig, 
1967) using A-scan equipment, it is clear that many 
workers (Gitter e? al., 1969) have had difficulty in 
interpreting this type of scan. The purpose of this 
paper is to review the B-scan ultrasonic features of 
150 consecutive patients referred for investigation of 
the retro-bulbar space and to highlight some of the 
difficulties encountered in technique and interpre- 
tation. 


PATIENTS AND METHODS 
The 150 patients ranged in age from five to 85 
years. All but four of the examinations were carried 
out by the same observer and an ultrasonic diagnosis 
was made in ignorance of the clinical diagnosis as far 
as this was possible. Biopsy or operative confirmation 
of the ultrasonic diagnosis was made in 37 of the 


patients. In the remainder, the clinical progress, the 
patient's response to treatment or in the case of those 
with dysthyroid ophthalmic disease, biochemical 
and immunological data were used to establish a 
clinical diagnosis. An 8 MHz focused transducer 
was used in an NE Diasonograph 4102. The tech- 
nique of examination was similar to that described 
previously (Sutherland and Forrester, 1974). Ap- 
proximately half the scans were made using a storage 
oscilloscope, the remainder with a simple open shut- 
ter grey scale technique. In the patients suspected of 
dysthyroid ophthalmopathy, extra-ocular muscle en- 
largement was graded on an arbitrary scale of 1 to 4. 
The results of a detailed study of these patients are 
being published elsewhere(Forrester and Sutherland, 
1977). 


RESULTS 

The patients were divided according to ultrasonic 
diagnosis under the following headings: (1) tumour, 
(2) inflammatory/oedema (with or without pseudo- 
tumour), (3) traumatic (including post-operative), 
(4) dysthyroid ophthalmopathy and (5) normal. 
These groupings were selected as they are diagnostic 
categories on which management decisions may be 
made. 


1. Tumour 

The ultrasonic diagnosis of “tumour” was made 
when a comparatively transonic filling defect was 
found in the retro-bulbar fat, in the absence of any 
abnormality of the optic nerve or extra ocular mus- 
cles. Thirty-one patients were placed in this category 
and 23 were confirmed by biopsy or operation. In 
six others the diagnosis had been previously estab- 
lished histologically and the orbital lesions repre- 
sented local recurrence of tumour or the develop- 
ment of spread from an adjacent neoplasm. In two 
the diagnosis was not confirmed as the patients died 
elsewhere. In 28 of the cases the ultrasonic diagnosis 
was in agreement with the clinical or histological 
diagnosis. In three others a false positive diagnosis of 
tumour was made, histology subsequently showing 
the lesion to be a pseudo-tumour or localized in- 
flammatory process. The histological types of tumour 
which were identified included lymphangioma, 
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Fic. 1 
Haemangioma, (A) showing the typical hetere 
geneous appearance of the tumour, (n) tl A 
scan confirms the presence of echo free fluid 


filled spaces in the tumour 
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lymphosarcoma, haemangioma, carcinoma of the phangioma when the characteristic vascular and lym- 
frontal sinus, naso-pharyngeal carcinoma, chordoma, phatic spaces were readily identified as echo free 
meningioma, schawannoma and metastatic deposits areas (Fig. 1). The remaining neoplasms produced 
from primary bronchial and breast carcinoma. The non-specific echo patterns of lower average am- 


athological nature of the tumours could not be  plitude than the surrounding fat echoes and this 
lecided with confidence from the ultrasonic appear- feature allowed them to be seen as filling defects in 
inces except in the case of haemangioma and lym- the fat (Fig. 2) 


Lens 







Meningioma 





Tenon's Fascia 


Retrobulbar Fat 


Fic. 3 


Acute inflammatory change with obvious oedematous thickening of lateral rectus, the optic nerve, and fascial planes of the 
orbit 
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Fic. 4 


Pseudo tumour—an irregular localized filling defect is evident on the lateral aspect of the optic nerve posteriorly, The latera 
rectus muscle is enlarged due to inflammatory involvement 





Fic. 5 


Severe dysthyroid ophthalmopathy with grade 3 enlargement of the lateral rectus muscle 
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2. Inflammatory oedema 

"There were 22 patients in this category and in six 
biopsies were carried out. The ultrasonic diagnosis 
was made on the basis of increased transonicity of 
the fat in the region of the optic nerve and of the 
lateral rectus or other extra ocular muscles. Oc- 
casionally in severe acute inflammatory conditions, 
evidence of a transonic division of the retro-bulbar 
fat in the position of Tenon’s fascia was seen and 
presumed to be due to oedema or inflammatory 
exudate (Fig. 3). A pseudo-tumour or a granuloma 
was diagnosed when a mass-like filling defect ac- 
companied these oedematous or exudative changes 
(Fig. 4). Nineteen of the 22 patients in this group 
were considered to have an inflammatory basis for 
the appearances as judged by clinical progress or by 
biopsy. In the remaining three the oedematous 
changes were associated with a vascular abnor- 
mality of the orbit (carotid-cavernous fistula, orbital 
vein thrombosis and temporal arteritis). Ten were 
thought to have pseudo-tumour formation. Four of 
these were confirmed histologically and one was 
found to be a sarcoid granuloma. In one patient with 
inflammatory muscle changes a pseudo-tumour, 
diagnosed by biopsy, had not been identified ultra- 
sonically. 


3. Traumatic 

Fourteen patients were placed in this group. Nine 
had had recent direct injury to the orbit, two with 
retained extra-ocular metallic foreign bodies. The 
remaining five were post-operative cases referred 
with suspected haematoma formation. Filling defects 
in the retro-bulbar fat suggesting localized col- 
lections of blood or fluid were found in one of the 
post-operative cases and in one of the patients with 
direct trauma. The remainder were found to have 
ultrasonic. changes similar to those found in the 
inflammatory group and thought to be due to either 
oedema or haemorrhage. 


4. Dysthyroid ophthalmopathy 

Sixty patients with this condition were evaluated 
ultrasonically. Enlargement of the extra-ocular mus- 
cles (predominantly the inferior and lateral recti) 
was apparent in 28 patients with clinical evidence of 
exophthalmus and in 20 of 32 patients with no 
clinical evidence of dysthyroid ophthalmic disease. 
"here was no correlation between the severity of 
muscle swelling and the degree of exophthalmus or 
other dysthyroid eye changes (Fig. 5). 


5. Normal 
Twenty-three patients with normal ultrasonic 
findings were found in a miscellaneous group of 


patients with slight proptosis. Clinical diagnoses 
included polyneuritis, orbital myositis, myasthenia 
gravis, third cranial nerve palsy and two patients 
with central retinal vein thrombosis. One false neg- 
ative “normal” examination was encountered in a 
patient with a meningioma en plaque in the roof of 
the orbit which was demonstrated angiographically. 


Discussion 

In the clinical managenemt of proptosis, assuming 
that thyroid disease has been excluded by clinical, 
biochemical or immunological tests, the principal 
problem is to discriminate between those patients 
requiring operation and those who can be managed 
conservatively, broadly those with tumours or foreign 
bodies and the rest with a heterogeneous group of 
inflammatory or oedematous disorders. In this com- 
paratively small series of patients with the diagnosis of 
tumour, the incidence of three false positives and 
one false negative result seems satisfactory, is sim- 
ilar to the findings of Coleman (1972) and validates 
the method used to distinguish between tumour and. 
pseudo-tumour, namely the identification of in- 
creased transonicity of the extra-ocular muscles. The 
distinction between cystic and solid tumours has 
been greatly assisted by the use of grey scale tech- 
niques which demonstrate the weaker echoes arising 
from a solid tumour more readily. Nevertheless an 
A-scan through the lesion can still be helpful and 
Ossoinig (1974) maintains that the arrangement of 
the echo amplitudes obtained in this way may be 
diagnostic of the histological type of the tumour. We 
have found this to be true only in haemangiomas or 
lymphangiomas. The absorption of ultrasound by a 
solid tumour may occasionally be useful in distin- 
guishing it from a cystic structure because of the 
shadow that such a tumour causes and densely cellu- 
lar meningiomas may produce this effect. Coleman 
(1972) suggests that the appearance of the margin of 
a tumour may be of value in identifying its type. 
With our equipment we have not been able to de- 
monstrate this. As the identification of a tumour 
depends upon its displacement of the retro-bulbar 
fat it is possible to miss lesions at the apex of the 
orbit where the comparatively transonic muscle cone 
is formed around the equally transonic optic nerve. 
Similarly en plaque lesions adjacent to the orbital 
walls may not be recognized. Coleman (1972) stated 
that it was only necessary to examine the affected 
orbit but it has been our experience that there is 
sufficient variability between patients, particularly in 
the amount of fat in relation to the muscle cone to 
make it necessary to compare the abnormal orbit 
with the other side. We therefore routinely examine 
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both orbits in all patients suspected of a retro- 
bulbar lesion. In general the ultrasonic appearances 
of inflammatory conditions of the orbit are non- 
specific and in three patients they were considered to 
be due to vascular disorders of the orbit. By contrast 
two patients with ocular vein thrombosis had normal 
retro-bulbar appearances. Only when a mass lesion 
accompanies the changes can one be fairly certain 
that it is a granulomatous inflammatory disorder. 
However, from the point of view of management, 
the demonstration of a muscle abnormality will be 
sufficient in almost all cases to distinguish between a 
benign and a malignant proptosis. In the absence of 
clinical or other evidence of thyroid disease, the 
differentiation of unilateral dysthyroid muscle ab- 
normality from inflammatory muscle change is im- 
possible. However, in our group of dysthyroid pat- 
ients only six had unilateral proptosis and in three of 
them the ultrasonic changes were bilateral so that 
only a few patients come into the difficult category as 
bilateral inflammatory disease is extremely rare. 
This observation is another reason for examining 
both orbits in all patients with proptosis. In the 
investigation of traumatic cases, echography may be 
useful firstly in identifying localized haematomas 
which may be restricting muscle movement and 
which the ophthalmologist might wish to drain and 
secondly, in the localization of foreign bodies in the 
orbit. Even if these are radio-opaque the ultrasonic 


examination may give valuable information in de- 
termining their exact relationship to the globe as in 
such patients the vitreous is usually blood stained 
and funduscopic exclusion of an intra-ocular or 
intra-mural foreign body may not be possible. In 22 
of the 23 "normal" patients the majority of whom 
have been followed for more than a year and the 
remainder for at least six months, no evidence of a 
retro-bulbar lesion has come to light. The remain- 
ing patient in the group was found to have a plaque- 
like meningioma of the orbital roof—a very difficult 
lesion in a very difficult site. 
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Book reviews 


Osteoarthritis of the Hip. (Pathogenesis and consequent 
therapy). By R. Bombelli, pp. x+ 136, illus., 1976 (Berlin, 
Springer Verlag), DM166. 

Professor Bombelli makes a case for a more traditional 
approach to the surgery of the hip in this condition, particu- 
larly in young patients where a hip replacement may have 
many years exposure to the risks of loosening and late 
infection. 

He has been impressed by the ability of bone to remodel in 
certain circumstances, and his surgical techniques have been 
designed to alter the direction of forces acting on the hip 
joint. In particular, extreme valgus osteotomy not only pro- 
duces symptomatic improvement, but he believes that the 
resulting tension on the superior joint capsule induces an 
osteophytic shelf along the superior acetabular margin with 
consequent increase in the weight-bearing area. His theory 
is illustrated with a wealth of vector diagrams and applied 
mathematics as well as radiographs, but the book is really 
of interest only to people involved in hip surgery and, in 
particular, to the surgeon rather than the radiologist. 

J. T. PATTON. 


Ultrasonics in Clinical Diagnosis. Edited by P. N. 'T. Wells, 
pp. 195, illus., 1977 (Edinburgh, Churchill Livingstone), 
45:50. 

This is the second edition of a now widely accepted short 
textbook. It is in a soft cover and is essential reading for 
trainee radiologists and for radiographers training in ultra- 
sound, although it should have a much wider appeal to 
undergraduates and clinicians. As before it has an intro- 
ductory explanation of the basic physics and diagnostic 
methods used in clinical practice. The main part of the text 
describes and discusses the ever-increasing number of 
clinical applications of ultrasound. 1t is difficult for any text- 
book to keep pace with such rapid development but if there 
is any criticism it is that a disproportionate amount of space 
is allocated to ultrasonic investigations of the brain and 
relatively little to the newer and possibly more clinically 


useful developments such as intra-abdominal abscess 

detection. 
The last chapter on biological effects is always reassuring. 
A, B. AYERS. 
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ABSTRACT 

Build-up and central axis depth-dose curves have been 
obtained for d(50)+Be, p(42) Be and d-- T neutron 
beams. Measurements carried out with the collimator open- 
ing covered with a layer of lead showed that for all three 
neutron beams the entrance dose is approximately 609; of 
the dose at the maximum, Consequently the skin-sparing 
properties of these neutron beams will be approximately 
equal and comparable to those for electron beam therapy. 
Central axis depth-dose curves have been established for 
d(30) -- Be neutrons at 129 cm SSD, for p(42)-+ Be neutrons 
at 125 cm SSD and d+ T neutrons and 99Co y rays at 80 cm 
SSD. The 50% dose values in a water phantom are at 
depths of 12.7 cm, 12.0 cm, 9.7 cm and 12.7 cm respectively, 
for field sizes of approximately 15 cm x 20 cm. Insertion of a 
6 cm thick nylon filter in the p(42)-+ Be beam increases this 
value from 12.0 cm to 13.5 cm. The gamma component for 
the d-i'T neutron beam is higher than for the cyclotron 
beams. 


For radiotherapy purposes, the depth-dose distri- 
bution in tissue and the build-up of absorbed dose in 
the skin and subcutaneous tissue are two important 
physical characteristics. Central axis depth-dose 
curves are available for a number of different neutron 
beams (ICRU, 1977) However, comparison of 
measurements of different authors is complex, due to 
differences in field size, source-surface distance 
(88D), phantom material and the quantity measured 
{total absorbed dose or neutron absorbed dose). The 
build-up of secondary charged-particle equilibrium 
is also dependent on the experimental conditions. 
For any one specific neutron beam, the curve re- 
presenting the variation in ionization with increasing 
thickness of build-up material is dependent on field 
size, the presence of phantom material behind the 
ionization chamber, the use of air or tissue-equiv- 
alent (TE) gas flushing the chamber and the applica- 
tion of an absorber to remove charged particles from 
the beam (Zoetelief et al, 1978). It was decided 
therefore to determine central axis depth-dose 
curves and charged particle build-up for different 
neutron beams with one set of detectors under 
similar experimental conditions. 

The neutron sources studied were the reactions of 
deuterons on tritium (d+-T) and 50 MeV deuterons 
on beryllium (d(50)-+ Be), which have both been in 
clinical use for some years, and the reaction of protons 


on beryllium (p-+Be). This last reaction has been 
proposed as an alternative to the d-++-Be reaction, 
since the same particle energy can be obtained with a 
cyclotron of smaller size (Johnsen et al., 1976). A 
linear accelerator employing the p(66)-i- Be reaction 
is already in preliminary use for treatment of patients 
(Cohen and Awschalom, 1976). Extensive informa- 
tion on physical characteristics of p--Be neutron 
beams, including microdosimetry and determinations 
of energy spectra, has recently become available 
(Amols et al., 1978). However, these studies did not 
yield information concerning the y-ray contribution 
and the effect of filtering the neutron beam. 


EXPERIMENTAL 'TECHNIQUES 

The d(50)+-Be neutrons have been obtained from 
the isochronous cyclotron at Louvain-la- Neuve, 
Belgium, made by CSF. A multilayer collimator 
105 cm thick, of steel, acrylic plastic (Perspex) and 
lead provided a 20 cm x 20 cm field at 129 cm dis- 
tance from the target (Octave-Prignot et al., 1976). 

The p(42)--Be neutrons were produced by the 
synchrocyclotron at the Institute for Nuclear 
Physics Research, IKO, Amsterdam. Protons 
accelerated to 52 MeV were degraded in energy to 
42 MeV by means of a 3.7 mm thick aluminium foil 
and fully stopped in a Be layer 11 mm thick. 

A proton energy of 42 MeV was chosen as this 
energy seems to be well suited for a cyclotron 
therapy system. According to Jungerman et al. 
(1971) the neutron production cross sections for 
protons on a thin aluminium target are much lower 
than for protons of equal incident energy on a thin 
beryllium target, and in addition the resulting 
average neutron energy is lower for aluminium than 
for beryllium. Consequently the contribution of 
neutrons resulting from the aluminium foil will not 
have much influence on the build-up and depth-dose 
distributions. The beam was collimated by means of 
a tapered multilayer collimator consisting of 25 cm 
steel and 25 cm borated paraffin with a circular steel 
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insert providing a field with a diameter of about 17 
cm at 94 cm distance from the target; this is approxi- 
mately equivalent to a square field of 15 cm x 15 em. 
During some of the experiments, a 6 cm thick nylon 
filter (density, 1.15 g cm~?) was inserted in the colli- 
mator opening near the target. 


neutron therapy facility were produced with a 
sealed tube shielded by approximately 30 cm of 
steel and 19 cm of polythene followed by 3 cm of 
lead (Mijnheer et al., 1978). 

The measurements of build-up were performed 
with disc-type TE ionization chambers having a 
front wall of either 1.0 mg cm-? aluminized Mylar 
or 0.2 mm TE plastic. The central axis depth-curves 
were obtained with the aid of a spherical TE 
ionization chamber and an energy-compensated 
micro Geiger-Müller counter surrounded by a ®LiF 
cap 3 mm thick (Zoetelief et al., 1978). All the ioniza- 
tion chambers were flushed with TE gas. The 
neutron and photon absorbed doses were derived 
from the responses of the TE chamber and GM 
counter by using a ratio of 1.05 for the W values of 
neutrons to photons in the TE gas, a ratio of 1 for the 
effective mass stopping powers of secondaries in 
wall and gas of the ionization chamber for both 
neutrons and photons, and a ratio of 1.045 for the 
kerma in TE plastic to that in soft tissue for d-- T 
neutrons. For the higher energies of neutrons pro- 
duced by the p-+ Be and d-+ Be reactions, a value of 1 
has been taken for this kerma ratio due to lack of 
reliable data in this energy range. 

The depth-dose measurements were carried out in 
a water-filled open top Perspex cube with outside 
dimensions of 30 cm and walls of 0.6 cm thickness. 

The build-up measurements were carried out by 
adding discs of TE plastic against the thin front wall 
of the disc-shaped ionization chambers which were 
placed against a water or polythene phantom in 
order to obtain maximum backscattering, simulating 
the situation at the skin. The collimator opening or 
the ionization chamber were covered with a lead 
layer sufficiently thick to absorb charged particles 
originating from the collimator materials. 


RESULTS AND DISCUSSION 
Build-up of secondary charged-particle equilibrium 
Figure 1 shows the curves of build-up of second- 
ary charged-particle equilibrium for the three 


neutron beams. The results for the p(42)-+ Be beam 
are given for the situation with the nylon filter in- 
serted in the collimator opening. As can be seen 
from this figure, the relative ionization at the en- 
trance (which to a first approximation is propor- 


tional to the entrance dose) is approximately 60% 


of the maximum ionization for comparable field 
sizes for all three neutron beams. For the d+T 
neutrons, the maximum of the build-up curve is 
reached at a depth in unit density tissue of about 2.5 
mm, whereas for the d(50)-+-Be beam the maximum 
is reached at a thickness of about 7 mm. The 
p(42) - Be neutrons have a broad maximum in the 
build-up curve between 10 and 15 mm, indicating 
that there are relatively more high-energy neutrons 
in this beam than in the d(50)—-Be beam. The depths 
at which the maxima are reached are in good agree- 
ment with the maximum ranges of the recoil 
protons (ICRU, 1977). 

The d+-T build-up curve is not much different 
from the ones measured by Goodman et al. (1970) 
and Greene and Thomas (1968), but differs from the 
curve presented by Smathers et al. (1978). Recently, 
however, this group measured a much lower en- 
trance dose of about 40° for a collimated d+- T 
neutron beam (Otte eż al., 1977). It is probable that 
during their first measurements no attempt was 
made to remove recoil protons from the d-+-T 
neutron beam, as has been suggested for therapy 
conditions (Broerse et al., 1972). 

The build-up curve for the p(42)+Be beam 
without the nylon filter shows a steeper increase in 
ionization, whereas the maximum remains at about 
the same thickness. This indicates that the contri- 
bution of neutrons of lower energies is reduced by 
use of the nylon filter. 

For the evaluation of skin damage, it must be 
realized that the critical layer of the epidermis is 
located at a depth between 15 and 100 um for most 
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Charged particle build-up for d(0.25) T, p(42)+ Be and 
d(50) +- Be neutron beams as a function of thickness of TE 
plastic. 
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Central axis neutron depth-dose curves in water for 

d(16)+ Be neutrons (Bewley and Parnell, 1969), d+ T, 

p(42)- Be and d(50)--Be neutron beams of comparable 
large field sizes. 
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parts of the body and that it is covered by a horny 
layer 15 pm thick (ICRP, 1975). Over this depth of 
15-100 im, the relative doses are nearly the same for 
these three neutron beams. 

For the Hammersmith d(16)-- Be neutron beam, 
Bewley (1971) measured a relative entrance dose 
of only about 2095. This lower value is probably due 
to the differences in experimental conditions. How- 
ever, the dose at 100 pm is also not much lower than 
60°, for these neutrons, due to the steep initial rise 
of this curve. 

If part of the field is covered with TE material 
during irradiation of patients, one should expect a 
more severe skin reaction at this position than in the 
rest of the field where the entrance dose will be 
lower. Clinical observations have shown, however, 
that there is no difference or only a very small 
difference in skin reactions between the covered and 
uncovered parts of the irradiated field (Battermann, 
1977). Evidently the increase in dose due to the 
addition of TE material causes only a minor differ- 
ence in biological effect. This might be attributed to 
the fact that the increase in dose is due to low LET 
particles, fast protons and electrons having an RBE 
not much different from 1. The a-particles, heavy 
recoils and low energy protons with ranges in tissue 
smaller or comparable to 100 um have a much higher 
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Central axis neutron depth-dose curves in water for d(16) ~- 
Be (Bewley and Parnell, 1969) and d+ T neutron beams 
compared with the central axis depth-dose curve of "Co y 
rays of comparable small field sizes. 


RBE (Broerse et al., 1968; Bewley et al., 1974). This 
contribution of high LET radiation with a relatively 
high RBE just below the surface will thus cause the 
skin-sparing with fast neutrons to be marginal and 
probably comparable to that in electron beam 


therapy, where the entrance dose amounts to 80- 
90% (ICRU, 1972). 


Central axis depth-doses 

In view of the differences in RBE, it is necessary 
to separate the contributions of neutrons and 
photons to the total absorbed dose. Central axis 
neutron depth-dose curves measured for d+-T, 
p(42)-- Be and d(50)-- Be beams are given in Fig. 2. 
The data for p(42)-i- Be neutrons are for the situation 
with the nylon filter inserted and are converted from 
94 cm SSD to a more likely therapeutic value of 125 
cm SSD by means of a simple inverse square law 
correction. Such a conversion gave good agreement 
with experimental values for a collimated d- T beam 
(Mijnheer et aL, 1978). Also given are the data of 
Bewley and Parnell (1969) for d(16)-+ Be neutrons 
for a comparable field size. 

As can be seen from this figure, the data for the 
d--'T and d(16)--Be neutron beams at the given 
values of SSD are comparable. The depth dose 
curves for the filtered p(42)--Be and d(50)--Be 
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Gamma component of beams of d(50)-- Be, p(42) + Be and 
d- T neutrons expressed as a percentage of the neutron ab- 
sorbed dose, as a function of depth in the water phantom. 


neutron beams show considerably better penetration 
characteristics. The 50% neutron depth-dose levels 
occur at depths in the water phantom of 12.7, 13.5, 
10.2 and 9.7 cm respectively for the d(50)-- Be, 
p(42)-- Be (filtered), d(16)-- Be and d+-T beams at 
the given values of SSD for field sizes of approxi- 
mately 15 cm x 20 cm. Increasing the SSD for d--T 
neutrons from 80 to 100 cm results in a 50% 
neutron depth-dose level at 10.2 cm for the same 
field size. The corresponding 89Co y-ray value is 
12.7 cm at 80 cm SSD. 

'The depth-dose measurements with and without 
the nylon filter showed that the filter hardens the 
beam and increases the depth of the 50°, neutron 
dose from 12.0 cm to 13.5 cm. A similar increase was 
observed by Johnsen et al. (1976) for a p(26)+ Be 
beam, The rapid decrease in intensity within the 
first two centimetres observed by Smathers ef al. 
(1978) for an unfiltered p(26) -- Be beam could not be 
demonstrated for the p(42)--Be beam used for 
our experiments. 

Depth-dose curves for a smaller field are given 
in Fig. 3, showing that here d--T neutrons have 
somewhat better penetration than d(16)-- Be neu- 
trons, although not as good as 99Co y-rays for the 
SSD generally used. Increasing the field size gives a 
greater improvement in depth dose for the d(16)+- Be 
beam than for collimated d+- T neutrons. 

'The ratio of the y-ray absorbed dose to the neu- 
tron absorbed dose along the central axis of the field 
is given in Fig. 4 for the three measured neutron 
fields. The gamma component for the d--T beam is 
higher than for the cyclotron beams. As the 


p(42)-+ Be collimator was rather thin, improvement 
in the collimator design may reduce the ratio Daj DN 
for this beam. 


CONCLUSION 

The great similarity in build-up of ionization at 
depths between 15 and 100 um of tissue measured 
with the same ionization chambers at three neutron 
beams suggests that the skin-sparing properties of 
these neutron beams should not be much different. 
Charged secondaries with relatively high LET and 
RBE increase below the surface much more rapidly 
than electrons and energetic protons of low LET 
and RBE. It can be concluded that the skin-sparing 
for fast neutron beam therapy will be comparable to 
that for electron beam therapy. 

'The central axis depth-dose curve will therefore 
determine the final choice of a neutron therapy 
machine, if other factors, e.g. output, reliability and 
price, are not considered. The neutron absorbed 
dose distribution at the SSD actually employed 
shows that the d-- T beam is comparable to a 
d(16)--- Be beam; d(50)-i- Be neutrons are superior in 
this respect. If sufficiently high dose rates can be 
achieved, the p+ Be filtered neutron beam will pro- 
vide the same advantages as the d-i- Be reaction for 
comparable energies of the bombarding particles. 
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Book review 


quadratic in dose, combining a linear term and a dose- 
aquared term, and that only the linear term is of interest for 
low-level effects. Implications can be important: for instance 
hereditary damage in the offspring of experimentally ir- 
radiated mice will be largely attributable to chromosomal 
changes and experimental measurements of mutation rate 
in the gonads of irradiated mice will then over-estimate the 
induction rate of specific gene changes leading to reversible 
recessive mutations. If so, radiation-induced hereditary 
damage in man will be seen more in the first few generations 


and less in far distant generations than used to be envisaged. 
However, the possibility of repair of radiation-induced 
lesions in the hereditary material is an alternative explana- 
tion for many of the same observations and, if a biological 
process depends on the co-operation or interaction of two or 
more cells (? carcinogenesis), then the basic assumptions may 
not be applicable. 

Very few observations were reported at environmental 
levels of exposure. Results collected over many years in an 
underground laboratory were claimed to demonstrate a real 
effect of ordinary terrestrial background, a stimulating effect 
on division of Paramoecium. Daily consumption of tritiated 
water giving a daily dose of 3 mrad to the developing rat 
fetus was said to slow down the development of righting 
reflexes during post-natal development. A dose-dependent 
increase in chromosome aberrations in cultivated blood 
lymphocytes was found in human beings exposed to an 
elevated background (up to a little over 2 rad annually) be- 
cause of residence or work in a radioactive spa. Hadrons, 
even at much higher than terrestrial levels, were found not to 
show any unexpectedly damaging properties in mammalian 
tissues which may reassure future workers in a space en- 
vironment. 

"Those interested in almost any specific action of ionizing 
radiation (apart from radiotherapy), from stimulation of 
pollen tube elongation to carcinogenesis, may find something 
worth reading and considering in one or both of these 


volumes. 
R. H. Mote. 
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ABSTRACT 

Vicia faba bean roots have been irradiated with neutrons 
of various energies and with negative z-mesons, and the 
effect on the ten-day growth of the roots has been deter- 
mined. The neutron irradiations were made in beams of 400 
and 600 MeV maximum energy, as well as with neutrons 
from a plutonium-beryllium source (mean energy 4.4 MeV) 
and from a 14 MeV neutron generator. The bean roots have 
also been irradiated at various points along the depth-dose 
curve of negative z-mesons, including the region where the 
pions annihilate on coming to rest, 

'The results show a maximum relative biological effective- 
ness (RBE) of 3.7 for 50% reduction in ten days growth for 
stopped negative pions and values up to 3.3 for high-energy 
neutrons, compared to 5.5 for 14 MeV neutrons. The 
biological effectiveness of high-energy neutrons and 
stopped pions shows a more pronounced dependence on dose 
than does the effect with lower-energy neutrons. 


Radiobiological research at CERN is primarily con- 
cerned with the study of the biological effects of 
high-energy particle interactions. This research has 
been limited to low dose-rate effects because of the 
low intensity of the secondary particle beams avail- 
able (high-energy neutrons and pions) from the 
CERN accelerators. The aim of the research has 
been to determine the biological effectiveness of the 
high-energy radiation in order to provide some 
check on radiation protection norms for high-energy 
particles, which are essentially based on extrapola- 
tion from effects observed with low-energy radi- 
ations. The growth inhibition of the primary roots of 
Vicia faba seedlings was chosen as a_ suitable 
biological test system on account of its high sensi- 
tivity and the possibility of giving extended ex- 
posures by irradiating the beans at low temperature 
(+C). Another advantage of this system is the 
possibility of measuring oxygen enhancement ratio 
(OER) in vivo. 

Radiobiological research using high-energy par- 
ticles has been further stimulated by the advent of 
high-intensity cyclotrons and the possibility of 
using their pion beams for radiotherapy. Similarly, 
studies using high-energy neutrons contribute in- 
formation that may be useful for the optimization of 
neutron energy for radiotherapeutic applications. 





*An earlier version of this paper was presented at the 
meeting on Biological Effects of High LET Radiation, 
London, 21 January 1977, held at the British Institute of 
Radiology. 


BEAMS AND DOSIMETRY 

The proton, neutron, and pion beams from the 
CERN 600 MeV synchro-cyclotron (SC) that were 
available prior to 1972 and were used for these 
studies have been described elsewhere (Baarli et al., 
1971). The main facility now in use for radiobiologi- 
cal studies using the improved CERN SC is the 
high-energy neutron beam produced by 600 MeV 
protons incident on a beryllium target (Baarli et al., 
1977). These will be referred to as 600 MV neutrons. 
The beam used had a uniform intensity distribution 
over a diameter of 14 cm, and the dose-rate in the 
beam, measured as a function of depth in a poly- 
thene absorber, is shown in Fig. 1. The bean roots 
were irradiated at the minimum depth possible 
when in a water tank (2.5 mm) and at the depth of 
the maximum dose-rate (20cm). The dose to the 
beans wasestimated using a 0.1 cm? tissue-equivalent 
ionization chamber positioned in the bean irradiation 
tank. The same dose corrections were applied as for 
the 400 MV neutron beam (Baarli and Sullivan, 
1972). 'The dose to the beans at the front of the 
irradiation tank and therefore at a small depth in the 
absorber will primarily be due to the short-range 
products from nuclear interactions. As the depth 
increases, the dose due to fast protons produced in 
the absorber builds up. Calculations indicate that 
at a depth of 20 g/cm? fast protons account for more 
than 75% of the dose in a monoenergetic neutron 
beam (Alsmiller et al., 1970). 

The first series of negative pion studies were 
carried out using the beam from the CERN SC at an 
average momentum of 175 MeV/c with a spread of 

%o- More recently, irradiations have been made in 
the biomedical facility of the cyclotron at SIN 
(Swiss Institute for Nuclear Research, Villigen). The 
pion beam in this facility enters the irradiation cave 
vertically and has been set up to have a circular form 
at the irradiation position (Baarli, et aL, 1976; 
Nordell e¢ al., 1977). The bean-root tips are held 
at a precisely determined depth beneath a variable 
water absorber, as shown in Fig. 2. Also shown is the 
transmission ionization chamber used to control the 
irradiations, and an additional small ionization 
chamber placed underneath the bean tray to ensure 
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Depth-dose curves for pion beams of 4.5% and 8% momen- 
tum spread, showing the irradiation positions. 


that conditions remained constant during the 
irradiations. The dose-rate in the pion beam was 
measured using a parallel-plate tissue-equivalent 
ionization chamber with a diameter of 2 cm and 
spacing of 2 mm. 

The relative dose as a function of depth of water 
absorber for the two pion beams used for irradia- 
tions at SIN is shown in Fig. 3. They had different 
momentum spreads, 4.5% and 8°% of the initial 
momentum of 172 MeV/c. The actual peak dose- 
rate of the 8% beam was about twice that of the 
4.595 beam. The doses that are measured are those 
to the tissue-equivalent ionization chamber, and no 
correction has been applied for possible differences 
between energy deposition in the chamber and in 
the beans due to differences in composition (Baarli 
and Sullivan, 1973). 

As the pions slow down they interact with nuclei 
in the absorbing material, when a part of their rest 
mass is dissipated as kinetic energy of the nuclear 
fragments produced (nuclear stars). The proportion 
of the dose from these nuclear stars to the total dose 
varies along the beam and reaches a maximum at a 
point on the back edge of the stopped pion peak, 
where the maximum biological effectiveness may be 
expected. 

Reference irradiations were made using Co y 
rays at dose-rates from 15 to 80 rad/h. Irradiations 
were also carried out with neutrons from a 14 MeV 
neutron generator (Laurent, 1974) and from a 50 Ci 
238Pu-Be source. The latter irradiations were made 
with the root tips positiofied at 6 cm from the source 
where a dose-rate of about 4 rad/h was obtained. 
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BIOLOGICAL PROCEDURES 

The Prolific Longpod variety of the broad bean 
Vicia faba was used for all neutron experiments, 
except the latest pion experiments where the Fill- 
basket variety was used. A comparison was made 
between the two varieties using 99Co y rays at low 
and high dose-rates, and no significant difference 
was found in the growth characteristics after irradia- 
tion (Bianchi and Hill, 1977). The method of 
growth followed closely that described by Hall 
(1961), where the beans are first soaked in water for 
three days, then planted in vermiculite, and after 
a further three days transferred to the growing-tank. 
The beans are selected for irradiation on the basis of 
the mean growth rate of their primary roots during 
the three following days and of their mean length. 
The selected beans were stored for a minimum of 24 
h at 4^C before being irradiated at this temperature. 
After irradiation their length was measured and they 
were then returned to a growing-tank through which 
aerated water at 19°C was continuously circulated. 
The bean root length was measured daily for the ten 
days subsequent to the irradiation, and any lateral 
roots removed as they appeared. 
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Dose-effect curves showing ten-day growth as a function of 
dose in the 400 MV neutron beam. 


RESULTS AND DISCUSSION 

The observed reduction in the growth of the bean 
roots after ten days is shown as a function of dose for 
400 MV neutrons in Fig. 4 and for pions in Fig. 5 
together with the results obtained using Co y 
radiation. Straight lines have been fitted through 
the points by linear regression analysis over the 
range of 30%, to 80°, growth reduction. The results 
after irradiation in the stopped pion peaks of the 
beams with 4.5?5 and 895 momentum spread were 
found to fit the same line. A summary of the results 
obtained, expressed as relative biological effective- 
ness (RBE) for a 50% growth reduction of the bean 
roots after ten days, is given in Table I together with 
the dose-rates that were used. 

'The RBE of high-energy neutrons is found to be 
lower than that for conventional energy neutrons, as 
is expected from the calculations on which radiation 
protection norms have been based (ICRP, 1962). 
The values found for Pu-Be neutrons (average 
energy 4.4 MeV) and for 14 MeV neutrons agree 
well with those observed by Hall (1974). For the 
400 MV neutron beam at 20 g/cm? depth, where the 
neutrons are in equilibrium with their secondaries, 
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Dose-effect curve showing ten-day growth as a function of 
dose for negative pions. 
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TABLE I 





50% growth | Dose-rate 
(rad/h) 


Radiation used reduction 


| RBE for 





600 MV neutrons (2.5 mm 








depth) 3.3 14 
| 600 MV neutrons (200 mm 

depth) 17 

400 MV neutrons (10 mm 

depth) (3.3) 

400 MV neutrons (200 mm 

depth) (1.6) 

14 MeV neutrons 5.4 

Pu--Be neutrons 6.5 

CERN v^ beams, front peak (2.0) 

back peak (3.7) 

SIN v7 beam, plateau 1.6 
| peak 2.8 
| back peak 3.5 
bocca 





(3 Lines extrapolated to 350% growth reduction. 
J, 400 MV neutrons means neutrons generated by 
protons of 600 MeV, 400 MeV on a 5 cm thick Be target. 


the RBE is half the value obtained at small depths 
where the proportion of the dose due to short-range 
high-LET products from nuclear interactions is 
much higher. Both at small absorber depths and at 
maximum build-up, 600 MV neutrons appear to 
have a slightly lower RBE than the 400 MV neu- 
trons, which is again consistent with predictions. 

In the negative pion beam the dose from high- 
LET short-range interaction products is lowest in 
the plateau region where it accounts for only about 
14°, of the total dose, the rest being due to ioniza- 
tion by fast charged particles, whereas at the stopped 
pion peak this proportion is about 60° (Nordell et 
al, 1977). The RBE values in the plateau and peak 
are consistent with a value of about four for the dose 
from the short-range nuclear star products. The 
high-energy neutron results are also consistent with 
this value for the RBE of the dose from the short- 
range secondaries. However, the physical data on 
the neutron and pion nuclear interactions and their 
biological significance are not sufficiently understood 
to enable a definite quantitative comparison to be 
made. 

"The proportion of dose from pion interactions is 
greatest on the back edge of the stopped pion dose- 
peak, and this proportion increases as the momen- 
tum spread of the pions decreases (Nordell et al., 
1977), This explains the highest RBE for stopped 
negative pions of 3.7 being found on the back edge 
of the CERN pion beam which had the narrowest 
momentum spread. An RBE of three has been re- 
ported for the stopped pion peak at Berkeley (Raju 
and Richman, 1972) and a similar value has been 
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Variation of RBE with dose for pions. 


found for pion beams of different momentum 
spreads at Nimrod using the same biological end- 
point (Winston et al., 1973). 

The dose-effect curves shown in Figs. 4 and 5 are 
not parallel to the 99Co control curve; this implies 
that the RBE will increase with decreasing dose. 
This rate of increase is similar for 400 MV and 600 
MV neutrons and for the stopped negative pions, 
and is much more pronounced than for low-energy 
neutrons, as shown in Figs. 6 and 7. This increase in 
RBE with decreasing dose could have important im- 
plications for radioprotection where high-energy 
particles are present. 
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'The second chapter is concerned with problems of repair 
and recovery, mainly in yeast, E. coli and tetrahymena. A 
short review introducing repair in yeast (E. Moustacchi) is 
followed by 18 papers devoted to varying aspects of excision, 
post-replication and chromosomal repair. The final chapter 
consists of nine papers on cell division and progression after 
irradiation, in a variety of eukaryotic svstems together with 
novel systems such as the moss Fumaria hygrometrica 
(v-Déhren) and lens epithelial cells (H. Pink and H.-R. 
Koch). Two papers, one by U. Wangenheim on Radiation 
and Endocellular Control of Cell Proliferation and a closing 
lecture by T. Alper on Modern Trends and Creeds in 
Radiobiology make interesting reading. There is a limited 
but adequate index to the whole volume. 

The main value of the publication is centered on its 
specialization on systems other than mammalian and, to a 
lesser extent, bacterial cells. It forms a useful documentation 
of some of the ways this field has been developed, using the 
many advantages of veast as an experimental cell system. 


B. W. Fox. 
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ABSTRACT 

The effects of heat either alone or combined with X- 
irradiation were investigated in the skin of the mouse ear. 
Ears were heated for times ranging from 7.5 minutes to four 
hours in a water-bath at temperatures ranging from 39°C to 
i . Severe heat treatment caused necrosis during the 
first few days after heating. Mild hyperthermia, which 
itself caused early transient reddening but no further visible 
changes, when given immediately after X rays enhanced the 
radiodermatitis which was observed during 10-50 days 
after treatment. 

From a level of heating which is slightly less than that 
required to produce necrosis in any mice, an increase in 
temperature of 0.5°C caused an increase in the incidence of 
necrosis from 0 to 10095, For hyperthermia which enhanced 
radiodermatitis, an increase of 0.5°C was equivalent to an 
increase in X-ray dose of 10 to 15%. 

For heat alone, the time required to produce necrosis in 
half the treated mice was reduced by one half for a rise in 
temperature of 1°C. For heat combined with X rays, the 
time required to produce a given enhancement of radio- 
dermatitis was reduced by one third for a rise in temperature 
of 1C. 

Activation energies calculated using the Arrhenius equa- 
tion were 580 kJ/mole for necrosis after heat alone and 1030 
kJ/mole for thermal enhancement of radiodermatitis. These 
results suggest that different processes are involved in direct 
heat necrosis and thermal enhancement of radiodermatitis. 





Mammalian cells may be damaged if they are main- 
tained at temperatures greater than 37°C. Both the 
type and degree of injury depends on the severity of 
the heat treatment. Severe heat treatment causes 
tissue necrosis during the first few days after heating 
(Moritz and Henriques, 1947; Crile, 1963; Morris 
et al., 1977) whereas moderate heating, which alone 
has little visible effect, may enhance the response to 
radiation (Robinson et al., 1974; Field et al., 1977; 
Stewart and Denekamp, 1977) or cytotoxic drugs 
(Hahn, 1975; Overgaard, 1976; Bleehen et al., 1977). 
Recent experiments have suggested several reasons 
why malignant tissues might be more sensitive to 
heat than normal tissues (Suit and Schwayder, 1974; 
Leith et al., 1977; Field et al., 1977) and there are 
already several reports of cancer treatments using 
hyperthermia alone or in combination with X rays or 
drugs (Crile, 1962; Cavaliere et al., 1967; Stehlin, 
1969; Pettigrew et al., 1974; Stehlin et al., 1975; 
LeVeen et al., 1976). 

If hyperthermia is to be used rationally the thera- 
pist will require quantitative information about the 
response of both tumours and normal tissues which 
may be included in the treatment field. One of the 


factors which needs to be investigated is the relation- 
ship between heating time and temperature. Ob- 
servations made on several different tissues suggest 
that for heat alone the time required to produce a 
given level of damage must be reduced by a factor of 
approximately two for a rise in temperature of 1°C 
(Moritz and Henriques, 1947; Crile, 1963; Morris 
et al., 1977). This relationship, however, has been 
little studied for thermal enhancement of the radia- 
tion response. The aim of the present study, there- 
fore, was to establish the relationship between 
heating time and temperature, both for the effect of 
heat alone and for thermal enhancement of radiation 
damage in one normal tissue. The mouse ear (pinna) 
was chosen, as this organ is easily heated by im- 
mersion in hot water and the reactions to the two 
treatment modalities may be scored without diffi- 
culty. 


‘TECHNIQUES 

Female CFLP mice were anaesthetized with 
pentobarbitone sodium (Sagatal) at 0.065 mg/g body 
weight for both hyperthermia treatment and ir- 
radiation. Heating was by immersion in hot water, 
using a thermostatically controlled water bath with a 
temperature variation of less than 0.05^C. Mercury 
thermometers, calibrated against a secondary stan- 
dard, were used to measure the temperature of the 
water. It was assumed that the ear temperature was 
equal to that of the water since this was found to be 
the case for heating the tail of a rodent in a similar 
manner (Morris et al., 1977). Only one ear of each 
mouse was treated. Irradiation was given with 250 
kV X rays, HVL 1.2 mm Cu, at a dose rate of 3.6 
Gy/min. Further details of the methods used are 
described elsewhere (Law et al., 1977). 


RESULTS 

Heat alone 

Severe heat treatment alone (for example 43.5°C 
for one hour) caused necrosis of the ear during the 
first few days after heating. This response was 
expressed as the percentage of mice which showed 
signs of developing necrosis. The time of onset of 
necrosis after various treatments is shown in Fig. 1. 
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'The response of the mouse ear to various treatments. 
ACU] Necrosis (right ordinate) after severe heat treatment (6-12 mice for each treatment). 
Wi The skin reaction (left ordinate) after mild heat treatment (12 mice). 
A The skin reaction (left ordinate) after X rays alone (6 mice). 


Q The skin reaction (left ordinate) after X rays followed immediately by 


Both the rate at which necrosis developed and the 
number of mice which ultimately showed necrosis 
depended on the severity of the heat treatment. 
There was no further change after 14 days and 
therefore the index of the response to a given heat 
treatment was taken to be the percentage of animals 
with necrosis by 14 days. As soon as a mouse showed 
signs of necrosis it was sacrificed. 

Heating times ranging from 15 to 120 minutes 
were investigated. At each treatment time the tem- 
perature was varied such that the percentage of 
mice developing necrosis ranged from 0 to 100%. 
The results are shown in Fig. 2 in which the per- 
centage of animals with early skin necrosis is 
plotted as a function of temperature for various 
heating times. It can be seen that for all treatment 
times, once a threshold had been reached, the effect 
of increasing the temperature was dramatic. An 
increase of only 0.5°C was required to increase the 
probability of necrosis from 0 to 100%. It is also 
seen in Fig. 2 that as the time was increased the 
temperature required to produce any level of necro- 
sis was reduced. This is shown in Table I in which 
the temperature to produce necrosis in 50% of the 
mice is given for each heating time. 


heat (6 mice). 


Heat and irradiation 

Radiation alone caused erythema and desquama- 
tion which began during the third week after ex- 
posure. These acute skin reactions were scored for 
two months after irradiation using an arbitrary 
numerical scale. Scores up to two indicate degrees 
of erythema and scores of three to nine represent 
increasing areas of moist desquamation (Law ef aly 
1977). The time course of the response is shown in 
Fig. 1. 

Mild heat treatment alone ( < 43°C for one hour, 
or equivalent) had no detectable effect during the 
time that the radiation response was observed (z.e. 
10-50 days). When heating was given immediately 
(i.e. two minutes) after irradiation, the response was 
not qualitatively different from that due to X rays 
alone. However, the dose of radiation required to 
cause a given reaction was smaller for the combined 
treatment than for X rays alone, as illustrated. in 
Fig. 1. 

In order to determine the relationship between 
time of heating and temperature to produce a given 
enhancement of radiation damage, 216 mice were all 
given the same dose of X rays followed two minutes 
later by hyperthermia. Heat treatment was given for 


133 











Yor 51, No. 602 








Marilyn P. Law, R. G. Ahier and S. B. Field 


100 

80 
La 120 390 
č (0) © 
E 
p 
£ ^40 
3 
S 
= 

20 

Ô 
0 ~ 
4} 42 43 


60 30 15 Minutes 


44 45 


Temperature (°C ) 
Fic. 2. 


Necrosis of the mouse ear after severe heat treatment alone. ‘The percentage of mice showing signs of necrosis is plotted as a 
function of temperature for various heating times. 


TABLE I 
EFFECT OF HEAT ALONE 








1 

i Heating time | Temperature for 50% probability 
i (min.) | of necrosis (^C) 

1 120 i 42.5 

i 90 42.8 

i 60 43.3 

| 30 44.3 

| 15 | 45,5 











different lengths of time ranging from 7.5 to 240 
minutes, and the temperature was varied for each 
heating time, This was done with two standard 
doses of X rays, 15 Gy and 17.5 Gy, which alone 
only cause erythema. The response was expressed as 
the maximum score or as the average reaction during 
ten to 50 days after treatment. It has been shown 


that the maximum score was numerically twice the 
average reaction (Law et al., 1977). For each treat- 
ment time, a curve was constructed to relate either 
maximum score or average reaction to post irradia- 
tion temperature. An example is given in Fig. 3 
which shows the maximum scores for various heat 
treatments after all mice had received an X-ray dose 
of 15 Gy. Similar curves were obtained when 
average reactions were used. All the hyperthermia 
treatments given slightly enhanced the radiation 
effect, but with little dependence on the degree of 
heating until a threshold was reached. The effect of 
increasing temperature was then such that an in- 
crease of about 1.0°C was required to increase the 
reaction from about three (first signs of skin break- 
down) to a severe reaction of five (desquamation over 
more than half the outer surface of the ear). Similar 
results were obtained for 17.5 Gy, except that for a 
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X-ray dose =15 Gy. 


Maximum skin score 








39 40 4) 42 43 44 45 46 


Temperature (°C ) 


Fic. 3. 


Thermal enhancement of the radiation response of the mouse ear. The maximum skin score recorded during ten to 50 days 

after an X-ray dose of 15 Gy is plotted as a function of temperature for different heating times. Hyperthermia was given two 

minutes after the end of irradiation. Each point represents the mean for four to six mice and vertical lines indicate standard 
errors. An X-ray dose of 15 Gy alone only caused erythema (scores of less than two). 


TABLE II 
"THERMAL ENHANCEMENT OF THE RADIATION EFFECT 

















r ern 1 
"Temperature, "C 
i 
15 Gy* 17.5 Gyt 
Heating 
time Maximum | Average Maximum Average Maximum Average 
(min.) score =4 reaction = 2 score = 4 reaction —2 score == 5 reaction «2.5 

240 41.27 41.45 40.85 40.7 41.27 41.12 
120 41.6 41.67 40.5 40.2 41.27 40.75 
60 42.17 42.1 40.87 40.6 41.6 41.15 
30 43.1 43.15 42.35 41.9 43.6 42.65 
15 43.5 43.1 42.4 — 43.15 42.90 
7.5 44.25 44.15 43.2 42.87 44.25 43.30 














*15 Gy alone causes erythema, maximum score = 1.2 - 0.2 
average reaction 0.27 -- 0.05. 
117.5 Gy alone causes erythema, maximum score —2.5 .- 0.5 
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given heating time the threshold was at a lower 
temperature, e.g. 40.5"C for one hour. 

The relationship between heating time and tem- 
perature was determined at several levels of damage 
for both 15 Gy and 17.5 Gy. The results are given in 
Table IT. 


Discussion 

The results given in Tables I and II are shown 
graphically in Fig. 4. It can be seen that the relation- 
ship between heating time and temperature was 
different for the effect of heat alone compared with 
that for thermal enhancement of radiation damage. 
For necrosis caused by heat alone the time required 
to produce a given level of damage had to be reduced 
by a factor of two for a rise in temperature of 1°C. 
For heat combined with X rays the time required to 
produce a given enhancement of the radiation effect 
had to be reduced by a factor of three for a rise in 
temperature of 1^C. 

The relationship between heating time and tem- 
perature (Fig. 4) shows how a given heat treatment 
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Fic. 4. 
"Phe relationship between heating time and temperature for 
the response of the mouse ear to heat applied alone or com- 
bined with X rays. For heat alone the isoeffect was necrosis 
in 509% of the ears treated. For heat given immediately after 
X rays the isoeffect was a maximum score of four, Different 
isoeffects gave lines parallel to those shown. 


may be changed without altering its effect, but gives 
no information about the magnitude of the bio- 
ligical effect caused by a small deviation in either 
heating temperature or time. The results given in 
Figs. 2 and 3, however, show that small differences 
in temperature may have a marked effect on the 
response of hyperthermia either alone or combined 
with X rays. For heat alone (Fig. 2) at the limit of 
tissue tolerance, an increase of only 0.5°C (equiva- 
lent to an increase in heating time by a factor of 1.4) 
was required to increase the probability of early 
necrosis from 0 to 10094. Morris et al., (1977) have 
reported a similar result in the baby rat tail where an 
increase in heating time of 20°, (equivalent to 
0.3°C) was required to produce 1009; necrosis. For 
mild heat treatments which only enhance the radia- 
tion effect (Fig. 3) the maximum skin score was 
increased from about three to five for an increase of 
about 1°C above the threshold temperature for any 
given heating time. From radiation dose effect 
curves (Law et al., 1977), this is equivalent to in- 
creasing the dose of X rays alone from about 20 Gy 
to 25 Gy, i.e. by about 25%. A similar conclusion 
may be reached using thermal enhancement ratios 
(TER). Data for a number of rodent tissues shows 
how the TER increases between 41°C and 43°C for 
one hour (Law et al., 1977). At 42°C for one hour a 
change in temperature of 1°C is equivalent to a 
change in X-ray dose of 26%. Therefore an increase 
in temperature of 0.5°C (or an increase in time in 
this case by a factor of 1.8) is equivalent to a 13% 
increase in X-ray dose and may increase the tissue 
reaction to combined treatment above that con- 
sidered to be the radiation tolerance. 

Some information about the kinetics of heat in- 
activation may be obtained using the Arrhenius 
equation (Henriques, 1947; Westra and Dewey, 
1971) in which the activation energy (E) is given by 

k= Ae--E/RT 


absolute temperature. In the present experiments the 
reaction rate of some critical process may be taken 
to be proportional to the reciprocal of the heating 
time. Activation energies (Table III) were calculated 
from the slopes of regression lines relating tem- 
perature to reaction rates for the effects of heat 
alone and of heat combined with X rays (e.g. Fig. 4). 
For heat alone only one end point, namely necrosis in 
5095 of the ears heated, was used. For heat com- 
bined with X rays a number of levels of skin reaction 
were used. Standard errors were estimated from the 
variances on the slopes of the regression lines. 

The value of 580 kJ/mole calculated from the 
present data for the effect of heat alone is within the 
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TABLE IH 
ACTIVATION ENERGIES 










































pecu dag i 
Activation 
energy 
Treatment Endpoint kJ/mole 
Heat alone Necrosis (509; 583 -20 
15 Gy+heat | Maximum score = 4 940 57 
Average reaction = 2 1074-4135 
17.5 Gy - heat | Maximum score 1063 222 
Average reaction — 1110-309 
Maximum score = 5 913.154 
Average reaction = 2.5 | 1069 + 226 
X ray ~ heat Mean of all estimates 1030 
i 





range of values (500-750 kJ/mole) obtained for a 
number of mammalian cells ¿n vitro and tissues in 
vivo (Henriques, 1947; Westra and Dewey, 1971; 
Morris et al., 1977). These values are comparable 
with those for the denaturation of enzymes and 
proteins (480-840 kJ/mole) (Johnson ef al., 1954), in 
agreement with the suggestion that protein de- 
naturation is the primary cause of thermal injury 
(Henriques, 1947; Westra and Dewey, 1971). 

The various estimates of activation energy for the 
effect of heat combined with X rays (Table IH) are 
not significantly different from each other, with an 
average of 1030 kJ/mole. They are, however, sig- 
nificantly different from the estimate for the re- 
sponse of the ear to heat alone, which suggests that 
the two modalities act by different pathways. This is 
hardly surprising in view of the qualitative diff- 
erences between the responses (Fig. 1). Severe heat 
treatment causes necrosis during the first few days, 
presumably due to intermitotic cell death, whereas 
mild hyperthermia enhances radiodermatitis which 
is the visible result of radiation-induced mitotic 
death (Withers, 1967; Denekamp ef aL, 1969). 
Activation energies in the range of 480-840 kJ/mole 
are often associated with protein denaturation by 
heat (Johnson et al., 1954) rather than with damage 
to DNA since values for strand scission in DNA 
(Eigner et al., 1961), loss of transforming activity 
of bacterial DNA (Ginoza and Zimm, 1961) and 
depurination of DNA (Greer and Zamenhof, 1962) 
are in the range of 100—150 kJ/mole. In view of the 
errors on the estimates given in Table III, the 
activation energy of about 1000 kJ/mole for com- 
bined heat and radiation is consistent with the sug- 
gestion that protein denaturation is also a factor in 
the potentiation of radiation damage by heat. It may 
be that thermal enhancement is at least partly 
affected by inhibition of enzymes involved in repair 


processes (Bronk et al., 1973) whereas injury by heat 
alone is due to denaturation of some other enzymes. 
However, in our present state of knowledge this is 
only speculation. 

Activation energies for the effects of heat alone 
and heat combined with ionizing radiation have also 
been estimated by Loshek (1976) for cells im vitro 
and by Robinson ef al. (1977a and b) for mouse 
tumours i» vivo. With Chinese hamster cells, Loshek 
(1976) obtained a value for the activation energy for 
heat alone which was not significantly different 
from that for ear necrosis presented here, but the 
value for combined treatment (380 kJ/mole) was less 
than that for heat alone (640 kJ/mole). In these zw 
vitro experiments, however, hyperthermia was given 
100 minutes after exposure to X rays. Recent results 
have shown that the enhancing effect of heat is 
progressively lost as the time between irradiation and 
hyperthermiais increased. By 100 minutes there would 
be little enhancement in some systems (Gerweck 
et al., 1975; Henle and Leeper, 1976; Stewart and 
Denekamp, 1977; Law et al., 1977, Myers and 
Field, 1977). In addition, using cell survival as the 
end point, Loshek was unable to discriminate be- 
tween two qualitatively different effects for the two 
treatments as can be done in vivo. Therefore the 
present results and those of Loshek may not be 
comparable. 

Robinson et al. (1977a and b) investigated the 
delay in regrowth of mammary tumours after various 
treatments. For heat alone an increase in heating 
time by a factor of two was equivalent to a tempera- 
ture rise of 0.76^C. This gives an activation energy 
of ~760 kJ/mole, which is just within the range of 
values obtained for the effect of heat on a number of 
other in vitro and in vivo systems (Morris et al., 
1977). For heat given simultaneously with low dose 
radiation, increasing the heating time by a factor of 
two was equivalent to a temperature increase of 
0.42°C, giving an activation energy of ~1370 kJ/ 
mole. This value is somewhat greater than that ob- 
tained for the mouse ear (present results), but the 
two in vivo systems gave comparable results in that 
the activation energy for the combined treatment 
was greater than that for heat alone. 


CONCLUSIONS 

1. Severe heat treatment of the mouse ear caused 
necrosis during the first few days after heating. 
Mild heat treatment, which caused little effect alone, 
enhanced the response to radiation which occurs 
during ten to 50 days after treatment. 

2. For heat alone, isoeffect curves showed that the 
time required to produce a given level of necrosis 
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had to be reduced by a factor of two for a rise in 
temperature of 1°C. For heat combined with X rays 
the time required to produce a given level of radio- 
dermatitis had to be reduced bv a factor of three for 
a rise in temperature of PC. 

3. For heat alone at the limit of tissue tolerance, 
an increase in temperature of 0.5°C, or an increase 
in heating time by a factor of 1.4, resulted in com- 
plete necrosis of the heated volume. For mild heat 
treatment which only enhanced the radiation res- 
ponse, an increase in temperature of 0.5°C, or an 
increase in heating time by a factor of 1.8, was 
equivalent to an increase in X-ray dose of about 
13%. 

4. Activation energies were calculated to be 580 
k]/mole for necrosis after heat alone and 1030 
kJ/mole for thermal enhancement of radiation dam- 
age, suggesting that different processes may be in- 
volved in the two responses. 
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‘THe Eprror—Sir, 
'TELEVISON FLUOROSCOPY—A NECESSITY OR AN 
UvsuPPORTABLE Luxury? 

In your July edition you published a letter by Samuel and 
Philp (1977) regarding the above subject. We would like to 
take this opportunity to reply and to bring up to date the 
situation described in their letter. 

The introduction of high resolution image intensifier in 
the beginning of this decade certainly brought about ad- 
vantages for the 70 mm and 100 mm indirect technique 
(Pfeiler and Linke, 1977). However, the X-ray television 
picture can also profit from the high resolution image in- 
tensifier despite the fact that the conventional TV system 
cannot reproduce the high quality output picture from the 
intensifier without noticeable loss (Haendle, 1975; Delgambe, 
1975). 

This has led to the development of high resolution tele- 
vision systems in which the individual components such as 
optics, TV camera, tube, video amplifier and monitor 
systems have all been considerably upgraded (Haendle and 
Horbaschek, 1976). In addition, the number of lines in the 
TV systems has been doubled. As a result of all these 
improvements it can be seen in practice that the new high 
resolution systems available today produce a considerably 
improved resolution capability even when using small 
screening dose values (accepting significant quantum noise). 

One must also consider that the use of a television viewing 
system is beneficial to the radiologist because the contrast 
of the TV picture is basically higher than that of the original 
image intensifier output picture. The radiologist's job is 
therefore simplified. Another point must also not be forgot- 
ten, that is that remote control tables which offer the 
examiner optimal radiation protection could not exist with- 
out TV. 

Yours, etc., 
J. HAENDLE, 
M. PFEILER. 
Siemens AG, 
D-8520 Erlangen, 
Postfach 3260, 
Germany. 
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Tue Eviror—Sir, 

Tem- FIBRINOGEN AS A THROMBUS-IMAGING AGENT 

The early detection of venous thrombosis of the leg by 
use of the (Flanc et al., 1968; Kakkar, 1972; Browse, 1972; 
Skillman, 1974) radiofibrinogen uptake test has been shown 
to be very accurate. In an effort to use nuclear medical 
imaging equipment for clot visualization, we have investi- 
gated the in vivo use of ""Tc* labelled fibrinogen in rabbits. 
The preparation of 9*"Tcm"-fibrinogen by electrolytic re- 
duction of the pertechnetate at pH 1-3 using zirconium 
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Fic. 1. 


Scintigram of a rabbit 


electrodes (Wong and Mishkin, 1975), and at pH 6 using tin 
electrodes (Harwig et al., 1976) in the presence of fibrinogen 
has been reported. Our ""Tcm-fibrinogen was prepared by 
Sn^* reduction of the pertechnetate at pH 8-9 in the 
presence of fibrinogen (Kabi) using a carbonate/bicarbonate 
buffer (the use of a phosphate buffer (Harwig et al., 1976) 
produces an undesirable 'T'c-monophosphate label). Routine 
quality control was performed using TLC-chromatography 
(silica gel, 80°% methanol/water as solvent, protein localiza- 
tion using ninhydrin and autoradiographic localization of 
activity). Thrombi were experimentally produced in the 
neck vein of rabbits using the method of Siegel et al. (1972), 
in all cases an incision was made on the left side of the neck 
as control. 

Figure 1 shows a scintigram of a rabbit one day post- 
operation, six hour post-injection of 200 pCi of *"Tcm. 
fibrinogen (the head, ears, front legs and upper part of the 
body may be seen). A is the control incision and B is the 
experimentally produced clot (sodium perchlorate was ad- 
ministered before injection of pertechnetate to block the 
thyroid). 

The liver was found to be the “hottest” organ with no 
noticably high gut uptake. 
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Re-examination of the same rabbit six days post-operation 
demonstrated isotope uptake on a non-active clot. 


Yours, etc., 
T. I. HALE, 
A. JUCKER. 
Nuklearmedizin, 
Kantonsspital, 


CH-8200 Schaffhausen/Switzerland. 
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RENOGRAM IN ESSENTIAL HYPERTENSION 

When there is no obstruction in the urinary out-flow 
tract, the third phase of the renogram indicates the rate at 
which the !?!] Hippuran is removed by the kidneys. Re- 
tention of Hippuran in the pelvis and ureteric peristalsis do 
not affect the third phase in normal cases. The shape of the 
third phase depends on the shape of the input of Hippuran 
and the spectrum of transit times through the kidneys 
(Britton and Brown 1971). 

The third phases of 22 normal renograms were analysed 
by an exponential peeling technique, and two exponents 
were seen with mean values of 0,52 -- 0,159 and 0.08 :-0.032. 
(Fig.D. 

"Twenty renograms of essential hypertension were ana- 
lysed in the same manner and the third phase of these reno- 
grams were found to contain only a single exponent with a 
decreased mean value of 0.05 4- 0.022. (Fig.2). 

‘This simple stripping method corroborates the finding of 
bimodal excretion in normal renograms by deconvolution 
analysis (Britton and Brown 1975). The two modes are due 
to two populations of nephrons, namely the cortical and 
juxta medullary groups. In essential hypertension, blood 
flow through the cortical nephrons is reduced due to auto 
regulation. This causes the apparent disappearance of one 
exponent in cases of established hypertension. 

A graphic proof of this phenomenon has been shown by 
Kinoshita et al., (1974) where the size of the kidney scan is 
reduced within a minute when the faster mode of excretion 
by the cortex is complete. The same authors have also found 
a preferential reduction of cortical perfusion in essential 
hypertension. 

it is also strange that such a perfect fit of one or two ex- 
ponents is obtained in the third phase even without blood 
background subtraction. This may be due to the fact that the 
slope of the blood background is equal to one of the expo- 
nents. 


Ri KIDNEY. 
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Exponential peeling of the renogram in a case of essential 
hypertension, 
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'The clinical implication of this finding can be significant 
if the changes are reversible and pressure-dependant. 
Yours, etc., 
C. RETHINASABAPATHI, 
K. R. RAJAGOPALAN, 
A. GAJARAJ, 
T. M. B. NEDUNGADI. 
Barnard Institute of Radiology & Cancer 
Government General Hospital 
Madras. 600 003 
India. : 
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Tue Eprrog-—Sim, 
Tissue Supstirute MarkRIAL “Mix D" 

It was gratifying to learn from Dr. David White's letter in 
the August issue of vour Journal (White, 1977), that Mix D 
(Jones and Raine, 1949) still remains among the most pop- 
ular of the tissue substitutes. This wax is no longer available 
commercially, and for this reason 1 included details of its 
composition and method of preparation among the items 
listed in the recently revised edition of the Radiation 
Dosimetry Data Catalogue, published by the International 
Atomic Energy Agency (LA.E.A., 1976). 

Incidentally, this catalogue may be obtained free of 
charge on application to the Dosimetry Section, Depart- 
ment of Research and Isotopes, I.A.E.A., P.O. Box 590, 
A-1011, Vienna, Austria. 

Yours, ete., 
D. E. A. Jones, 


“Willows”, 
147 Cassiobury Drive, 
Watford, 
Hertfordshire WD1 3AH. 
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Sim, 
Corrections FOR HUMIDITY 
In his letter to the Editor of THE BRITISH JOURNAL OF 


THe EDITOR 





RapioLocv, Wheeler (1977) claims that the correction factor 
proposed by Wyckoff and Attix (1957) for humid air in an 
ionization chamber is incorrect. He states that the factor 
should be 





273.2 ( P-0.3783 Pi ) Baad cette URP a) 
r E rr MM Gee ae 
instead of 
273.2 (E958 Pi ) Q) 
T pup beso ee aS OR v 


where P is the vapour pressure (in mm of mercury) of the 
water in the air. 

It is Wheeler's factor, expression (1) above, that is the 
incorrect one, however, because his factor merely gives the 
ratio of mass densities (of the moist air in the ionization 
chamber relative to dry air at standard temperature and 
pressure). As Wyckoff and Attix (1957) clearly pointed out, 
ionization produced in a chamber depends upon the electron 
density present, and also upon W, the mean energy expended 
in the gas per ion pair formed. The information available at 
that time on W, used to weight the calculated electron densi- 
ties in moist air, does indeed vield the correction factor (2) 
proposed by Wyckoff and Attix. 

It may be of interest that, more recently, experiments 
done by Niatel (1969, 1975), Guiho et al. (1974), Referowski 
(to be published) and Hofmeester and Somerwil (to be 
published) indicate a different behaviour of W for moist air 
from that assumed by Wyckoff and Attix (1957). All these 
recent experimental determinations of the influence of water 
vapour on the ionization of air, both in free-air chambers 
and in cavity chambers, have shown consistent results that 
can now be used in making corrections for humidity. 

Yours, etc., 
W. H. Henry. 
Division of Physics, 
National Research Council of Canada, 
Ottawa, Ontario K1A OS1, Canada, 
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Proceedings of The British Institute of Radiology 


Joint radiological meeting—Leeds 


Abstracts of papers presented at The British Institute of Radiology and Royal College of Radiologists 
meeting held on September 24 and 25, 1976 at Leeds University 


Diagnostic Session 


Portal hypertension-—medical aspects, by M. S. Losowsky. 


‘The surgical management of portal hypertension, by D. R. Giles. 


Arterioportography, by H. Herlinger. 
"Transhepatic portal catheterization, by A. Lunderquist. 


"Transhepatic and intravenous cholangiography in jaundiced patients, by G. J. S, Parkin. 


EMI whole body scanner in liver imaging, by L. Kreel. 


‘The compleat angler—arteriography improved, by P. G. Keates. 
Radiology and breast cancer (Glyn Evan Memorial Lecture of the Royal College of Radiologists), by Professor A. P. M 


Forrest (no abstract received). 


Evolution of bone disease in chronic renal failure, by P. J. A. Robinson. 
"The role of radiology in the assessment of bone mass, by A. Horsman and B. E. C. Nordin. 


Visual thresholds in radiology, by G. A. Hay. 
"Test objects for X-ray television, by N. J. Coleman. 


Premedication for peripheral arteriography, by J. N. Glanville. 


Premedication and anaesthesia for neuroradiology, by D. G. McDowall. 


Cervical myelography with metrizamide, by J. T. Lamb. 


Does fetal irradiation cause childhood malignancies?, by P. R. J. Burch. 
Small bowel examination, pharmaco-radiological aspects, by L. Kreel. 


‘The small bowel meal, by D. J. Lintott. 
The small bowel enema, by M. J. Noakes. 
"The air contrast small bowel enema, by J. F. Dyet. 


“he two-film barium meal in the exclusion of childhood coeliac disease, by S. E. W. Smith. 
The value of a normal pancreatic arteriogram in clinically suspected pancreatic carcinoma, by D. Finlay. 


Projections in congenital heart disease, by J. B. Partridge. 


PORTAL HYPERTENSION— MEDICAL ASPECTS 
By M. S. Losowsky 


Department of Medicine, Leeds University 
(St. James's Hospital) 


Portal hypertension is not a diagnosis. The reason for the 
portal hypertension must be established. The most im- 
portant decision is whether or not there is concomitant 
chronic liver disease. 

Presenting features requiring therapy include bleeding 
oesophageal varices, ascites and hypersplenism. 

Bleeding oesophageal varices are by far the most common 
and most important complication of portal hypertension 
requiring therapy. In a patient with gastrointestinal bleeding 
and oesophageal varices there is approximately a 50°, 
chance that the bleeding is not from the varices. Thus the 
first essential is to be sure that the bleeding is from the 
varices, 

Medical therapy for bleeding oesophageal varices in- 
cludes, of course, supportive therapy and blood transfusion 
and a judicious avoidance of sedatives and other drugs which 
may make the situation worse. In the patient without 
chronic liver disease the prognosis is good and compli- 
cations are much less frequent than when liver disease is 
present. In the patient with liver disease particular attention 
must be paid to the prevention of encephalopathy. 

Medical measures directed at stopping bleeding from 
oesophageal varices include balloon tamponade, intravenous 
vasopressin and intra-arterial vasopressin. Results of these 





Reprints of these abstracts are available free on application 
to the Managing Editor, The British Journal of Radiology, 
32 Welbeck Street, London WIM 7PG, telephone 01-935 
6867, 


procedures must be assessed using the same critical stan- 
dards as are applied to the assessment of the results of shunt 
surgery. 

Other procedures which might be classified as medical 
rather than surgical include oesophagoscopic injection of 
varices, sclerosis of the left gastric vein by transhepatic 
cannulation, and several additional manoeuvres which have 
not found wide favour. 


THE SURGICAL MANAGEMENT OF PORTAL 
HYPERTENSION 


By G. R. Giles 


Department of Surgery, Leeds University 
(St. James’s Hospital) 


Surgical interest in this subject is directed towards the 
control of gastrointestinal bleeding and it is very rare to be 
asked to perform surgery for the management of hyper- 
splenism or ascites. The surgeon may be involved in the 
emergency control of haemorrhage or later in the patient's 
illness when he may be asked to decompress the portal 
venous system under elective conditionis. 

Emergency surgical control can be attempted by a direct 
attack of the varices themselves or by an attempt at portal 
decompression as an urgent procedure. Where the latter 
course is envisaged, it is important to make the attempt 
quickly before the patient loses too much blood and hepatic 
deterioration begins. In these circumstances the radiologist 
may be asked to demonstrate the patency of the portal 
system in a patient who has recently bled and may rebleed 
during the examination. There is a need for adequate and 
continuing blood replacement within the X-ray Department 
and for all concerned staff to be immediately available. This 
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approach to the emergency management of bleeding varices 
is not acceptable to all workers and is under evaluation. 
There is a tendency for surgeons to avoid central porto- 
systemic shunts such as the end to side or side to side 
portocaval shunts. This type of shunt certainly diverts all 
portal blood away from the liver and is associated with post- 
shunt encephalopathy in a high proportion of patients. 
Spleno-renal shunts and mesenteric-caval jump grafts have a 
lower incidence of encephalopathy and probably have equal 
decompression qualities. More specific decompression of the 
oesophageal varices without necessarily affecting portal flow 
is the concept of the latest type of shunt—the distal spleno- 
renal shunt. Though this shunt is able to deal with oeso- 
phageal varices, it has not been completely free from 
problems of technique nor from post-shunt sequelae. 


ARTERIOPORTOGRAPHY 
By H. Herlinger 


Department of Radiology 
St. James’s University Hospital, Leeds 


Contrast medium injections into the physiological channels 
to the portal venous system not only produce anatomical 
data in the arterial and venous pulses, but also allow some 
conclusions on flow dynamics. This combination is of 
particular value to the planning of shunt surgery. 

Seventy-four examinations were analysed for this presen- 
tation, nearly a third of them having been done as emer- 
gencies during bleeding. Extrahepatic causes of portal 
hypertension were found in 21 patients (28%). The recog- 
nition of splenic vein occlusion may present difficulties, and 
2 splenic artery clearance time prolonged to two seconds or 
more is helpful in support of this diagnosis. 

Arterioportographic requirements can be expressed for 
specific surgical shunts and are intended to ensure the 
practicability and success of the operation. For a distal 
spleno-renal shunt these are splenic vein patency with 
adequacy of flow and a diameter of at least 12 mm, absence 
of any splenic encasement by fibrosis, presence of dilated 
short gastric veins, a patent left renal vein. Requirements 
for a meso-caval interposition shunt are superior mesenteric 
vein patency with an available segment at least 5 x 1 cm, 
absence of thrombus, inferior vena cava patency and an 
adequate pressure gradient from portal vein (measured as 
wedged hepatic pressure) to the inferior vena cava. 

Absolute contraindications to any form of shunt are 
malignancy, hepatic or extrahepatic, and the occlusion of all 
major portal vein together with the absence of any suitably 
large collateral channel; relative contraindications are severe 
hepatic artery flow insufficiency and the presence of sub- 
hepatic caval hypertension. 

'The incidence of occlusion, presence of thrombus, size 
inadequacy and abnormality of flow in the major portal 
veins were presented. 


TRANSHEPATIC PORTAL CATHETERIZATION 
By A. Lunderquist 


Department of Diagnostic Radiology, 
University Hospital, Lund, Sweden 


From 1973 to now, 270 percutaneous transhepatic catheter- 
izations of the portal vein have been performed at the 
Department of Diagnostic Radiology in Lund, Sweden. In 
most cases the indication has been portal hvpertension, in 
other patients liver metastases or pancreatic tumour were 
suspected. In patients with portal hypertension we have 
found this method extremely useful to chart the anatomy of 
portal-systemic collaterals, many of them not possible to 


demonstrate by other methods such as splenoportography or 
arterioportography. The technique for percutaneous trans- 
hepatic portography will be discussed and different common 
and uncommon portal-systemic collaterals were demon- 
strated. 


TRANSHEPATIC AND INTRAVENOUS CHOLANGIOGRAPHY 
IN JAUNDICED PATIENTS 


By G. J. S. Parkin 
St. James’s University Hospital, Leeds 


In his monograph on intravenous cholangiography, Robert 
Wise (1962) assessed the success rate of the technique at 
40°, in patients with a serum bilirubin level between 2 and 
3 mg% and at only 32%, with levels between 3 and 4 mg %. 
When the serum bilirubin rises above 4 mg?i most authors 
regard the procedure as contraindicated because of the very 
low success rate. 

Over the last three and a half years at Leeds (St. James's) 
University Hospital, we have been using a technique of 
prolonged overnight infusion of 17 gm of loglycamide in all 
patients with serum bilirubin levels between 1.5 mg’ and 
10 mg%. The technique is based on that of Fuchs and 
Preisig (1975). 

In our series of 81 patients, the overall success rate was 
8095. When the serum bilirubin level was less than 4 mg% 
at the time of investigation the success rate was 90°, ; with 
little difference between jaundice due to parenchymal liver 
disease (86%) and that due to extrahepatic biliary disease 
(9295). With serum bilirubin levels in excess of 4 mg %%,, the 
overall success rate was 47?5, but there was a dramatic 
difference between the success rate in the parenchymal 
liver disease (8095) and extrahepatic biliary disease (11%). 

In the whole series of 65 diagnostic examinations a fal: 
negative diagnosis was made in two cases (3%) and a false 
positive diagnosis strongly suspected in two further cases. 

In cases where the prolonged infusion technique fails or 
where further information about the biliary tree is required, 
the fine needle transhepatic cholangiography technique of 
Okuda et al. (1974) is emploved. Examples of this now com- 
monly employed technique were briefly presented together 
with suggested precautions to minimize any possible com- 
plications. 
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EMI WHOLE BODY SCANNER IN LIVER IMAGING 
By L. Kreel 


Department of Radiology, 
Northwich Park Hospital, Harrow, 
Middlesex 


As with conventional radiology, a knowledge of the normal 
anatomy is extremely important in the interpretation of the 
results with computerized tomography. 
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"The axial sections are viewed from below. 'The liver size 
and shape will change from section to section, depending on 
the level. Four representative levels are: (1) the right lobe 
near the diaphragm with the base of the lung visible; (ii) 
right lobe only below this with the spleen visible; (iii) right 
and left lobes with portal vein; (iv) Riedel's lobe. 

Note the falciform ligament, gastro-hepatic ligament, 
portal veins, hepatic veins, inferior vena cava and caudate 
lobe of the liver. Without contrast medium the gall-bladder 
appears as a low density rounded area. With contrast 
medium it is very obvious. 

Adjacent intercostal spaces not infrequently produce 
hands of low density. Streak artefacts due to movement in 
adjacent structures can also occur. The size and shape of the 
liver and spleen must also be noted, for instance in showing 
"atrophy" or "'post-infarction" changes in the liver. Met- 
astases in the liver can be shown when they are 1 to 2 cm in 
size. They may be small or large, single or multiple. Most 
metastases are hidden by contrast, apart from endocrine 
tumours such as gastrinomas (Zollinger-Ellison syndrome) 
or carcinoid cysts which tend to have a lower density than 
metastases and do not take up contrast. An abscess may have 
a similar appearance to a cyst, but hopefully the clinical 
context will be different, especially in relationship to 
choledochoduodenostomy. Multiple metastases may be dis- 
crete or merge into each other to give the liver a very patchy 
appearance. If calcification is present in metastases, these 
show up as very dense lesions. 

Dilated bile ducts have a low density arborisation pattern, 
tapering towards the periphery of the liver. The cause of the 
obstruction, such as a tumour in the head of the pancreas 
and other effects, such as obstruction to the stomach may 
also be shown. Its value in cases of obstructive jaundice 
may, therefore, be considerable. 

A liver infarct, if recent, has a low density and surrounding 
ascites are easily visible. Occasionally, the size, shape and 
position of calcification may be important, as in long- 
standing thrombosis of the inferior vena cava. Collateral 
vessels may also be shown. 

A "fatty liver” can be diagnosed as it is of low density, in 
which the portal vein appears as a structure of higher than 
liver parenchymal density. 

Gall-stones can be shown both with and without contrast 
medium. 

‘The spleen size can be assessed and splenic enlargement 
can be distinguished from other tumours, from tumour 
infiltration of the peritoneum and from ascites. 

Calcified splenic artery aneurysms and infarcts have also 
been shown, and although of no particular clinical sig- 
nificance, their appearances must be known, so as not to 
cause diagnostic confusion. 


THE COMPLEAT ANGLER-—-ARTERIOGRAPHY 
IMPROVED 


By P. G. Keates 
The General Infirmary, Leeds 


Radiology has been bedevilled by the difficulty of recording 
three dimensional anatomy on two dimensional film. “Two 
views at right angles” is a useful, crude principle to over- 
come this, but leaves the problem of obtaining the views for 
farther discussion. The history of angiocardiography pro- 
vides an example of the difficulties. A simple A.P. projection 
supplemented by a lateral view was obtained by use of a 
par of rigidly fixed film changers. More subtly angled 
projections required rotation of the patient within the open 
box formed by the changers and either propping him 
inaccurately and insecurely on pads, or else strapping him in 
a cradle like a chicken on a spit. The particular anatomical 
difficulties and dangers of coronary angiography led to the 
introduction of flexibly mounted X-ray apparatus which 


moved around the patient, giving multiple projections with- 
out movement of the patient. This system depends on use of 
an image intensifier and the maximum field size is therefore 
severely limited so that it is not suitable for general angio- 
graphy. 

In 1971, planning a new angiography suite for the Gen- 
eral Infirmary at Leeds, we had no difficulty in selecting 
flexibly mounted apparatus for the cardiac room but no 
manufacturer offered anything comparable for general 
angiography. We had to devise our own system and persuade 
the manufacturer to accept our proposals and assist on their 
detailed development. The outcome is a 35 « 35 cm Puck-U 
film changer plus a 6 in image intensifier mounted on one 
limb of a Philips U-arm, with the X-ray tube on the other 
limb. The patient lies on a specially modified step movement 
table with a 95 cm metal free end, cantilevered out from the 
support, around which the changer gyrates over an arc of 
180 deg. The intensifier and the changer are motor driven 
and change places in less than 15 seconds so that fluoroscopy 
and film exposure are on the same axis. 

The assembly has been in routine use for two years and 
all parts of the body between the crown of the head and the 
soles of the feet have been successfully and easily examined. 
'The free choice of projections has allowed us to take a 
fresh look at our routine procedures. 'The new enthusiasm 
engendered in radiologists and radiographers has only been 
exceeded by the benefit to patients who have received 
better examinations with less distressful manipulation. 

We are perhaps prejudiced but it does seem to us that at 
the moment this is the best available system. Strangely, we 
understand that by a small margin it is also the cheapest! 


EVOLUTION OF BONE DISEASE IN CHRONIC RENAL 
FAILURE 


By P. J. A. Robinson 


Department of Diagnostic Radiology, 
St. James’s University Hospital, Leeds 


Metabolic bone disease is a major problem in long-term 
treatment of chronic renal failure (CRF). To prevent 
patients being incapacitated by fractures, deformities and 
bone pain, early diagnosis and specific prophylactic mea- 
sures are desirable. A study of several hundred skeletal 
surveys has shown that the earliest radiographical change in 
Leeds' patients is almost always sub-periosteal erosion. 
Healing of the erosions has rarely occurred with standard 
dialysis techniques alone. When 20 patients were exposed 
for six months to an elevated dialysate calcium concen- 
tration (1.75 mmol/l), two showed partial healing of sub- 
periosteal erosions, In others, however, erosions deter- 
iorated and the incidence and severity of soft-tissue calci- 
fication was increased. Small doses of 1a-OH-cholecalciferol 
have produced healing of erosions in several patients but 
again there has been an increase in the incidence of soft- 
tissue calcification. Periosteal new bone appears relatively 
uncommonly in patients on regular dialysis alone but has 
developed frequently after starting therapy with 1e-OQH- 
cholecalciferol. 


THE ROLE OF RADIOLOGY IN THE ASSESSMENT OF BONE 
MASS 


By A. Horsman and B. E. C. Nordin 


MRC Unit, Department of Mineral Metabolism, 
Leeds University 


Morphometry of the second metacarpal has revealed that 
age-related bone loss is a universal phenomenon in man. 
Many other bones of the skeleton have been examined 
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morphometrically, although few investigators have mea- 
sured more than two sites. In order to characterize the 
aging skeleton, we now perform morphometric measure- 
ments at six sites. The results for a given subject together 
with densitometric data on the distal radius and ulna are 
presented as a map on which the bone size, mass and 
density at each site are related to expected values based on 
normative cross-sectional data. 

It is also possible to detect the changes occurring at the 
cortical boundaries in the individual patient by radiographic 
morphometry of six metacarpals. Although in the majority 
of cases the rate of loss cannot be accurately determined 
unless the observation period is long (approximately five 
years), the technique is extremely useful for evaluating the 
effects of therapy in small groups of subjects. The beneficial 
effects of oestrogen and calcium therapy in normal post- 
menopausal women, and of vitamin D and calcium therapy 
in crush fracture cases, have recently been demonstrated in 
this way. 


VISUAL THRESHOLDS IN RADIOLOGY 
By G. A. Hay 
Department of Medical Physics, Leeds University 


The radiologist’s visual task is twofold: threshold detection 
and pattern recognition. Very little is known about the 
mechanisms of the latter; this paper is concerned solely 
with the former. 

Many structures in radiographs and in X-ray television 
images are difficult to detect because they are either too 
small or too faint. Such image structures are in general of 
three kinds: (1) approximately circular, e.g. a kidney stone: 
(2) approximately linear, e.g. a blood vessel; and (3) an edge, 
representing the boundary between two regions of differing 
radiopacity. 

'The detectability of these image structures depends on: 
(1) their own characteristics, e.g. size and contrast; (2) the 
degradation processes in the imaging system, e.g. unsharp- 
ness (mtf) and noise; and (3) the mechanisms of visual 
detection. 

An understanding of these processes is not only of great 
fundamental interest in relation to the visual system but is 
also of practical importance because it may influence: (1) 
the design of imaging systems; (2) the design of testing 
methods; and (3) the way in which radiologists use their 
systems. 

In this paper, the influence of unsharpness (mtf), noise 
and contrast loss on the detectability of circular details, 
linear details and edges were briefly discussed. 


TEST OBJECTS FOR X-RAY TELEVISION 
By N. J. Coleman 
Department of Medical Physics, Leeds University 


When measuring the performance of X-ray television 
systems, the basic criterion should be the diagnostic effec- 
tiveness of the system in clinical use. However, this mea- 
surement involves such difficulties that alternative methods 
are required, such as measurements of the quality of the 
radiological image produced by the system. 

'There are several factors which degrade image quality, of 
which the most important are unsharpness, noise, contrast 
loss, non-linearity, geometrical distortion and lag. Besides 
acting individually, they also interact with each other in 
complex ways. 

It would be desirable to measure each of these factors 
independently under standard conditions, but this cannot be 


done sufficiently well to obtain absolute values of svstem 
performance. However, by making only relative measure- 
ments on particular systems, a useful indication is ob- 
tained of deterioration in performance and the consequent 
need for adjustment. A set of three test objects was described 
which enables such relative measurements to be carried out 
by engineering staff in routine checks of the system. 

(This work is supported by the Department of Health 
and Social Security.) 


PREMEDICATION FOR PERIPHERAL ARTERIOGRAPHY 
By J. N. Glanville 
St. James's University Hospital, Leeds 


Premedication for peripheral angiography under local anaes- 
thesia should relieve the patient of pain, of anxiety, be of 
sufficient flexibility to allow for unexpected delays in com- 
mencing a procedure and have no unpleasant side effects. 

Ativan (Lorazepam, Wyeth) is a drug of the Benzo- 
diazepine group. It has greater amnesic and anxiolytic 
action, lasts longer, but is slower in achieving its effect than 
Valium. Ativan orally alone in increasing dosage was found 
to be effective at 4 mg in producing sedation, anxiolysis and 
amnesia, but there was no analgesia. 

Oral Ativan was then combined with oral Pentazocine 
(Fortral) and 4 mg Ativan and 50 mg Fortral proved an 
effective premedication given an hour before attending the 
department. Ativan 3 mg and 30 or 60 mg Fortral given 
intravenously is even more effective and achieves its full 
effect within 30 minutes. Intravenous Ativan 3 mg may be 
also combined with 50 or 100 mg Fortral orally. 

Ideally the patient should have 2 mg Ativan orally the 
night before and oral or intravenous Ativan together with 
oral or intravenous Fortral as premedication. 


PREMEDICATION AND ANAESTHESIA FOR 
NEURORADIOLOGY 


By D. G. McDowall 
Department of Anaesthetics, Leeds University 


'The neuroradiological procedures for which general anaes- 
thesia are commonly required include carotid and vertebral 
angiography and lumbar pneumoencephalography. Pre- 
medication can usually be omitted since many patients are 
drowsy and most of the others are not anxious about a 
neuroradiological investigation. Oral diazepam in the adult 
and oral trimeprazine in the child are suitable if indicated. 

Patients presenting for angiography commonly have 
intracranial space-occupying pathology either in the form of 
tumour or cerebral oedema and the anaesthetic technique 
must be designed to avoid increasing intracranial pressure. 
Thiopentone, Althesin and fentanyl are the most suitable 
drugs when used during passive hyperventilation under the 
influence of a muscle relaxant. Halothane, ketamine and 
spontaneous ventilation should be avoided in this group. 

Patients presenting for air studies by the lumbar route 
commonly do not suffer from major space occupation so 
that the anaesthetic problems centre around protection of 
the airway and maintenance of a satisfactory blood pressure. 
Though the problems are different the technique of control- 
led ventilation with nitrous oxide and oxygen and fentanyl 
most readily permits the maintenance of a satisfactory 
blood pressure in the sitting position. The alternative tech- 
nique ofsedation involving fentanyl and droperidol were 
described. 
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CERVICAL MYELOGRAPHY WITH METRIZAMIDE 
By J. T. Lamb 
The General Infirmary, Leeds 


Forty-five patients have undergone cervical myelography 
following the introduction of metrizamide (Amipaque), 
using a lateral cervical approach. 

‘The technique was described with the aid of a short film 
and the relative merits and disadvantages of this method 
were briefly discussed. 


DOES FETAL IRRADIATION CAUSE CHILDHOOD 
MALIGNANCIES? 


By P. R. J. Burch 
Department of Medical Physics, Leeds Univsrsity 


Many investigators claim that obstetric X-irradiation of the 
fetus, involving doses of about 1 rad, increases the sub- 
sequent risk of all malignancies during childhood by a 
factor of about 1.5, Such claims have followed from surveys 
in which pregnant women were selected for X-ray examin- 
ation. for medical reasons. Correlation, however, is not 
necessarily causation. We are unable, as vet, to eliminate the 
possibility that the medical conditions that prompt selection 
might themselves be associated with an enhanced risk of 
childhood malignancy. From the observed correlation the 
rules of statistical inference allow us to advance only the 
tentative suggestion: fetal irradiation might cause childhood 
malignancies. Further independent evidence is needed to 
substantiate the causal claim. Ideally we should select 
randomly from the population of pregnant women one group 
which we would subject to obstetric X-ray examination and 
the other control group which would be spared irradiation. 
Because ethical principles prohibit such an investigation we 
have to resort to other approaches. 

it was shown that: (i) studies of childhood malignancy 
in children who were irradiated in utero at Hiroshima and 
Nagasaki; and (ii) an analysis of the age at onset of childhood 
malignancies as found in the Oxford Childhood Cancer 
Survey, cast doubt on the validity of the causal claim. 


SMALL BOWEL EXAMINATION, 
PHARMACO-RADIOLOGICAL ASPECTS 


By L. Kreel 


Department of Radiology, 
Northwick Park Hospital, Harrow, Middlesex 


‘The demonstration of macroscopic anatomy is the chief 
purpose of the barium study of the small bowel. Floc- 
culation and segmentation can be a misleading feature in 
patients believed to suffer from malabsorption and should be 
avoided as far as possible as they interfere with the recog- 
nition of lumen surface abnormalities. Transit time does not 
normally influence diagnosis but affects the appearence of 
the normal loops of small bowel; they tend to be dilated 
with slow passage and contracted when passage is rapid. 

"The barium meal and follow-through examination can be 
utilized to provide at least preliminary diagnostic infor- 
mation concerning the small bowel, and it is a form of 
examination widely used throughout the country. 'The use of 
pharmacological agents is of considerable value as it en- 
hances the potential usefulness of the investigation. 

Many factors cause more rapid emptying of the stomach. 
"These include large volume, hyperosmolar solutions, low 
temperature, cholinergic drugs and metoclopramide. All 
these have also been used for the more rapid examination of 


the small intestine and, in particular, the terminal ileum, Of 
these, metoclopramide is the most consistently effective, can 
be given orally and, in the doses used in radiology, produces 
no side effects. 

Dilatation of the stomach and duodenum can be produced 
by anti-cholinergic drugs. In this country Buscopan and 
Antrenyl are most commonly used as they are short acting, 
but side effects are not uncommon. They should not be 
given to out-patients who have to drive themselves home as 
they can cause failure of accommodation. The follow- 
through examination will be markedly prolonged as these 
drugs slow the transit of barium through the small bowel. 
'They are the drugs best used to distinguish an area of 
“spasm” from an organic lesion on barium enema examin- 
ation. 

The drug which at present is most appropriately used in 
radio-diagnosis of the small bowel and stomach is glucagon. 
In a dose of 0.1 mg intravenously it can be employed for the 
double contrast examination of the stomach and duodenum 
and after 15 minutes this effect changes to that of small 
bowel hurry. This means that a follow-through examination 
is possible in 60 to 90 minutes in the vast majority of pat- 
ients. No side effects have occurred using this dosage in over 
500 examinations, but it remains to be seen whether repeat 
injections can be given safely in view of the possibility of 
immune reactions. 


THE SMALL BOWEL MEAL 
By D. J. Lintott 


The General Infirmary, Leeds 


The small bowel meal has been shown to be a reliable, 
simple and acceptable technique for the routine investigation 
of the small bowel in a busy general department with a large 
"small bowel" load. It has both radiological and adminis- 
trative advantages over the conventional follow-through ex- 
amination and it avoids intubation. 

The technique involves the use of a large (300-600 ml) 
volume of dilute (SG 1.3—1.4) isotonic stable barium sus- 
pension with the occasional assistance of "accelerating" 
drugs. A series of prone overcouch films is taken and 
fluoroscopic examination is performed as indicated. 

From 1973 to 1975 a total of 1023 small bowel meals were 
performed at the General Infirmary at Leeds. Excluding 
post-operative cases without recurrent disease, 25°, of 
examinations were abnormal including 108 cases of Crohn's 
disease, 50 cases showing evidence of malabsorption and 104 
with other miscellaneous lesions. Three per cent were con- 
sidered diagnostically inadequate. 

Ninety per cent of the examinations were completed 
within two hours at an average cost of consumables of £3-50 
per patient. 
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THE SMALL BOWEL ENEMA 
By M. J. Noakes 
St. James's University Hospital, Leeds 


'The only report in the literature to compare, in the same 
patients, a duodenal intubation method for the radiological 
visualization of the small bowel (Sellink's modification) with 
the more familiar follow-through type of examination con- 
cludes that intubation gave significantly better visualization 
of jejunum and ileum except for the terminal ileum where no 
significant difference was found (Fleckenstein and Pedersen 
1975). 

An alternative method for the double contrast examin- 
ation of the small bowel is described and has been in routine 
use at St. James's and Chapel Allerton Hospitals in Leeds 
for ten years. Following dietary restriction and the adminis- 
tration of a laxative the patient is given Metaclopramide 
20 mg orally ten minutes before the examination. À grey 
“Kifa” catheter with a short flexible rubber tip is inserted 
to the duodeno-jejunal flexure, using a 205 guide wire to 
avoid buckling within the fundus of the stomach. Usually 
100 to 160 ml of undiluted Micropaque is then injected and 
followed by up to 2000 ml of $% Prepacol or Fybogel 
solution in order to propel the Micropaque to the caecum, 
give a uniform distension of the small bowel and provide 
double contrast with the Micropaque-coated mucosa. Large 
differences of density and lumen diameter seen when air is 
employed as the double contrast medium do not occur when 
a watery solution is used (Sellink, 1976). 

‘The procedure is carried out under intermittent screening 
control and spot films are taken with and without com- 
pressing. The examination from the moment the injection of 
barium is started, takes usually ten to twelve minutes. 

Normal upper limits of the lumen calibre are 4.5 cm in 
the upper jejunum and 3.5 cm in the distal ileum. Normal 
valvulae coniventes are 1 to 2 mm thick, show straight 
contours and slightly rounded corners at their base against 
the bowel wall ; wall thickness is about 1.5 mm. 

Normal appearances were illustrated and a few examples 
of disease were shown. 
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THE AIR CONTRAST SMALL BOWEL ENEMA 
By J. F. Dyet 
Department of Radiology, Royal Infirmary, Hull 
Following duodenal intubation, the tip of the tube lying in 


the third part of the duodenum, barium is injected down the 
tube at a steady rate of approximately 100 ml per minute 


until the head of the barium column reaches the caecum. 
This requires between 400 and 1000 ml of barium. The 
abdomen is screened intermittently and the progress of the 
barium column observed. Spot films are obtained of any 
lesion shown. At least two films are always obtained, one of 
the jejunal loops and a further film at the end of the barium 
injection, to show the whole of the small bowel. 

Up to 800 ml of air is then injected. This bubbles rapidly 
through the barium giving a true double contrast effect. 
Spot films are taken as required. At the end of the exam- 
ination the abdomen is examined under the intensifying 
screen using a wooden spoon to palpate and separate out 
overlapping loops. This ensures good visualization of the 
whole of the small bowel. 


THE TWO-FILM BARIUM MEAL IN THE EXCLUSION OF 
CHILDHOOD COELIAC DISEASE 


By S. E. W. Smith 
Leeds (St. James's) University Hospital 


There is still need for a simple, reliable, out-patient test for 
the exclusion of untreated coeliac disease in children to 
avoid jejunal biopsy. This report describes prospective ex- 
perience over five vears to assess a two-film barium meal- 
two supine films, at 20 and 40 minutes after a drink of 
Raybar, with the child laid in the right prone oblique 
position after feeding. From these two films were measured 
(1) the bowel calibre ("*positive"" was above the high normal 
range of Haworth et al., 1967); and (2) the transverse 
mucosal folds (**positive" was more than six large folds in at 
least three separate loops of bowel on any one film). 

Negative meals were negative on both counts; marginal 
examinations were called positive. 

Two hundred and eighty-seven two-film meals were ex- 
amined in children between three months and ten years of 
age with a variety of gastro-intestinal symptoms and signs 
which might be attributed to coeliac disease. In 48 children 
with untreated coeliac disease there were only three (675) 
who had negative two-film meals. Out of 287 children, 138 
with negative meals could be excluded from further in- 
vestigation. The test compares favourably in accuracy with 
other tests, apart from jejunal biopsy. 
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THE VALUE OF A NORMAL PANCREATIC ARTERIOGRAM IN 
CLINICALLY SUSPECTED PANCREATIC 
CARCINOMA 


By D. Finlay 
St. James's University Hospital, Leeds 


In England, between 1960 and 1970, there has been à one 
third increase in the number of pancreatic carcinomas 
reported and this trend is world-wide. 

Arteriography is a valuable technique in the investigation 
of suspected pancreatic carcinoma. À sound knowledge of 
the anatomy of the arterial network within the pancreas and 
of the vessels which lead to it from the major surrounding 
arteries is as important as the ability to manipulate catheters. 
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We have, therefore, analysed 100 of our pancreatic arterio- 
grams in respect of intrapancreatic vessels and have com- 
pared these with Michel's classic series of 200 cadaveric 
dissections; excellent correlation was found. We benefit 
diagnostically in three ways. We are able to look for neo- 
plastic changes involving small vessels within the pancreas 
and will demonstrate pathological vessels more consis- 
tently. We can show the surgeon confidently intrapan- 
creatic vessels which go to supply other organs, e.g. a re- 
placed middle colic artery. Thirdly, we can demonstrate the 
supplv to parts of the pancreas, and this is of relevance 
before pancreatic surgery is undertaken. 

Differing signs of pancreatic carcinoma have been des- 
cribed by different authors. We believe that in the pancreas 
itself adequate small vessel opacification will always demon- 
strate vascularity within the carcinoma and will allow angio- 
graphic diagnosis of a carcinoma at least 1 cm in diameter. 
‘Truly avascular carcinomas are found in the ampullary 
region and are really of bile duct origin. These may be 
symptomatic while still small and not be diagnosable angio- 
graphically. Small lesions near the main pancreatic duct may 
present with pancreatitis and their angiographic diagnosis 
may be very difficult. Any area of focal pancreatitis is in- 
dicative of carcinoma, unless otherwise explained. 

An adequate pancreatic arteriogram excludes the presence 
of pancreatic carcinoma except in the presence of obstruc- 
tive jaundice or pancreatitis. 





Therapy Session 


A regional cancer organization, by C. A. F. Joslin. 
"arcinogenesis in an industrial age, by M. Gronow. 


PROJECTIONS IN CONGENITAL HEART DISEASE 
By J. B. Partridge 
Killingbeck Hospital, Leeds 


The ease and accuracy of interpretation of right or left 
ventricular angio-cardiography in congenital heart disease is 
increased, in almost all circumstances, by selecting the pro- 
jection that profiles the interventricular septum (the axtal 
view). Ventricular septal defects (which alone or with other 
malformations are found in half of all cases), the relationship 
of the great vessels to the septum in transposition and other 
construncal malformations, and the size and position of the 
atrioventricular valves are all best seen in this view. In the 
normal heart the axial view is 60 deg LAO. 

'The corresponding view on biplane equipment displays 
the ventricles in their long axis (the tranverse view.) This 
view is the best for the inflow and outflow tracts of each 
ventricle and for the evaluatíon of ventricular function and 
mitral or tricuspid regurgitation. 

In both views the spine is projected clear of the heart, so 
improving clarity. The right and left pulmonary arteries are 
separated, and stenoses at their origins made clearer. An 
added cephalo-caudal tilt on the axial view is of use where 
more horizontal structures are of interest (e.g. the main 
pulmonary artery). 


Hypokalaemia and hypomagnesaemia as a mode of cancer therapy, by F. M. Parsons. 
Tumour antigens and their implication in cancer screening and prevention, by J. P. Dickinson. 


Multivariate analysis in breast cancer, by F. T. de Dombal. 


Hyperbaric oxygen versus hypoxic cell radiosensitizers, by G. E. Adams. 
A clinical appraisal of hyperbaric oxygen in head and neck cancer, by G. H. Berry. 
A clinical appraisal of hyperbaric oxygen in cervix cancer, by A. J. Ward, B. Dixon and B. Stubbs. 


Hypoxic cell sensitizers in clinical radiotherapy, by S. Dische. 


"The search for oxygen independence (neutrons, pi mesons etc.), by R. E. Ellis. 


A clinical appraisal of neutron therapy, by Mary Catterall. 


Lymphocyte chromosomes, banding and irradiation, by Gillian Kitchingman. 

"Tumour ploidy and proliferation state in relation to radiotherapeutic response, by B. Dixon. 

Combination chemo- and radiotherapy of a transplantable, metastasizing tumour, by J. V. Moore. 

Studies of bone structure and dosimetry of bone-seeking radionucludes. Some results and implications, by F. W. Spiers. 


"The dynamic aspects of bone tumours, by J. M. Fitton. 
‘The place of radiotherapy for bone tumours, by L. A. Firth. 


A REGIONAL CANCER ORGANIZATION 
By C. A. F. Joslin 
Department of Radiotherapy, Leeds University 


One of the four experimental cancer organizations est- 
ablished by the DHSS in 1972 is based in Yorkshire. The 
primary purpose of the organization is to determine the 
value of introducing an advisory and co-ordinating service 
for those concerned with cancer management. This neces- 
gitates covering a whole range of interests including cancer 
prevention, early detection, cancer registration and statistics, 
treatment, supportive and continuing care, public and pro- 
fessional education and research, 

‘Te cover these interests some 18 different groups have 
been established. A number of these are disease orientated 
and primarily concerned with clinical management or re- 
search. Others are concerned with specialized facilities, e.g. 


cancer registration, cancer information services, occupation- 
al and industrial hazards, public and professional education 
etc. Since the object is to provide for all people in the 
region an equal and high standard of care, the part played by 
the organization in providing some of the means of achiev- 
ing this has to be shown. 

An essential preliminary, which has proven difficult, is to 
establish a base line of information. To simply register 
cancer is only a start to the problem and all existing re- 
sources have to be collated. Only by these means can the 
effect of changes be monitored and finally evaluated. 

'The chances of a successful outcome in favour of cancer 
organizations can only be achieved by the co-operation and 
enthusiasm of those taking part. It can be argued that this 
should be enough but without back-up support of various 
kinds to the different groups it is doubtful if more than a few 
could develop very far. It will, however, be for the assess- 
ment carried out after five years that the final decision on 
the future for cancer organizations will be made. 
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CARCINOGENESIS IN AN INDUSTRIAL AGE 
By M. Gronow 


Cancer research Unit, University of York 


Several famous cancer researchers have stated, “It is clear 
today that man and animals live in a sea of carcinogens”. 
"These may be (a) agents containing translatable information 
(e.g. viruses—well proven carcinogens in animals but not in 
man) and (b) agents not containing such information but 
capable of altering the information content of target cells 
(e.g. chemicals and various forms of irradiation). In some 
cases it is possible that a combination of these agents may 
lead to neoplastic transformation. 

However, it is now becoming clear that up to 90°; of all 
human cancers have a chemical involvement. Since the 
earliest documented cases of occupational cancers, such as 
the scrotal cancers of chimney sweeps (active agent 3, 4- 
benzpyrene) described by Percival Pots some 200 years ago, 
over 1000 chemicals have been shown to produce cancer in 
man and animals; many of them have been used and in- 
troduced by man into his environment. 

Examples of the classes and types of chemicals involved 
will be presented with emphasis on those compounds used 
in industrial and manufacturing processes. Some of these 
hazards are probably still not identified due to the long 
latent period involved in the production of human tumours, 
as was the case with B-naphthylamines. Undoubtedly the 
most important chemical hazard, which seems to be an 
established part of modern life, is that of cigarette smoking. 
In addition it has been estimated that some 5000 new 
chemicals are being introduced annually in the form of new 
commercial products, chemicals, foods and drugs. 

How can these compounds be screened for possible 
carcinogenic properties? To test a single suspect chemical 
can involve at least 500 animals, take on average three years 
to complete and sometimes cost in the region of £35000. 
Clearly it is not economically possible to test every new 
chemical in this way and, if the substance is already in use, 
the delay involved could be critical. Therefore much recent 
research has been devoted to the development of rather 
more rapid screening procedures for potential carcinogens. 
The use of bacterial and tissue cell culture systems together 
with biochemical techniques for screening purposes will be 
described. In many cases a successful correlation has been 
obtained with these data and the results of animal feeding 
experiments. Unfortunately, despite the increasing useful- 
ness of these pre-screen systems the animal test is still the 
only reliable guide. Hopefully when the true morphological 
and biochemical parameters of transformation have been 
evaluated animal tests will no longer be necessary. 


HYPOKALAEMIA AND HYPOMAGNESAEMIA AS A MODE OF 
CANCER THERAPY 


By F. M. Parsons 
Renal Research Unit, Leeds General Infirmary 


Regression of cancer of the bladder may occur after uretero- 
sigmoidostomy; observations in the 1950s indicated that a 
specific biochemical imbalance could be responsible. In 
1961-63 regression of cancer of bladder and breast was 
observed after Mg and K depletion had been achieved by 
dietary means. Difficulties of inducing adequate Mg deple- 
tion by diet and medication alone in patients with cancer 
caused us to abandon the project. In 1970, after in vitro 
studies, the investigation was restarted using haemodialysis 
to produce a controlled depletion of Mg and K in conjunc- 
tion with a special, but rather unpalatable, daily diet, con- 
taining 2500 cal, 70 g protein but only 5 mg of Mg. De- 
pletion of K, induced by dialysis, was accentuated using 


orally administered ion-exchange resins. Levels of K and 
Mg in the plasma of 2.5 and 0.1-0.2 mmol/l respectively 
were achieved and, surprisingly, were tolerated well by the 
patients, and no adverse symptoms developed provided the 
inevitable hypocalcaemia was corrected by haemodialysis 
(or parenteral infusion of Ca salts). T'he major problem, not 
yet surmounted, is to gain repeated access to the blood- 
stream to allow repetitive haemodialysis over an adequate 
time interval. Examples of regression of human cancers of 
lung, bladder and breast will be shown. Retardation of 
growth of transplantable tumours in the rodent in K and Mg 
depletion has also been demonstrated. Chemical analysis of 
normal tissue and transplantable tumours in the cation- 
depleted rodent indicate that malignant tumours probably 
have certain deficits of cellular function which adversely 
affect growth of the tumour. Our major clinical experience 
has been in inoperable carcinoma of the lung. Future inves- 
tigation must include a more detailed study of the hyper- 
catabolic state of some patients. The technique of K and Mg 
depletion has now been combined with high energy radia- 
tion in humans and with cytotoxic agents in animals. The 
complexity of the present regimens has not allowed worth- 
while controlled trials but K and Mg depletion is a rela- 
tively “safe” clinical state and does not cause depression 
of bone marrow or other systems commonly associated 
with cytotoxic agents. 





TUMOUR ANTIG 
CANCER SCREE 


By J. P. Dickinson 


Department of Radiotherapy, Leeds University 


ENS AND THEIR IMPLICATION IN 
NG AND PREVENTION 





Brief consideration will be given to the origin, nature and 
function (other than as antigens) of the molecular com- 
ponents of tumours. Aside from those components deter- 
mined by interaction with adventitious viral genomes, such 
materials elaborated by tumours are seen as inappropriate 
combinations of components characteristic of other stages of 
ontogenesis. The mechanisms through which an immune 
response to these inappropriately expressed materials and to 
normal tissue components may come about in the host will 
be examined. Particular consideration will be given to the 
role of the common tumour specific antigen (CTA). 

The presence of inappropriately expressed materials in 
tumours may be monitored in two ways--by detecting 
specific immune response of the host to such materials or by 
detecting the presence of antigen in the host (tissues or body 
fluids). Specific examples of both types of approach will be 
examined (CTA, TPA, Makari test, CEA-Colon, AFP and 
melanoma antigen) and the problems of application and 
interpretation discussed. 

Such immunological tests may be used for diagnosis, for 
monitoring the progress of disease or therapy, or for prog- 
nosis. No single test is likely to be useful in all of these 
applications; each test has operational limitations on speci- 
ficity and sensitivity. (Specificity refers to the incidence of 
positive tests not due to the specific condition being sought. 

Ideally, a range of test systems will be developed which 
will be capable of (i) detecting the presence of malignancy in 
individuals amongst the general population with a high 
degree of sensitivity, i.e. extremely few false negatives, but 
not necessarily very high specificity, i.e. a moderate number of 
false positives; (ii) in the absence of localizing clinical 
symptoms, excluding false positives and localizing the 
malignancy to a specific site or tissue for further investi- 
gation by physical methods and of indicating histological 
type; (iii) estimating tumour load; and (iv) monitoring the 
progress of therapy. 

Because of the complex nature of the immune response 
and the nature of the antigens being reacted to, the pos- 
sibility of predictably influencing the course of malignant 
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disease by specific or non-specific immunotherapy is more 
remote. However, the specificity of the immune response 
may be useful in homing” therapeutic agents. 


MULTIVARIATE ANALYSIS IN BREAST CANCER 
By F. T. de Dombal 


Department of Surgery, 
St. James's Hospital, Leeds 


Research over the last few decades has clearly indicated that 
there is no single clinical attribute which can discriminate 
with complete accuracy between benign and malignant 
breast lesions or indicate with complete accuracy patients' 
prognoses, Perhaps this is because the clinical data we 
obtain from the patient are "fuzzy", i.e. open to considerable 
observer variation. 

Over the last vear the Yorkshire Breast Cancer Group has 
carried out studies in observer variation in recording data 
about breast lesions, and some simple multivariate analyses 
have been performed. This paper will briefly outline the 
results of studies to date, and will concentrate not only upon 
observer variation problems but on the initial simple and 
multivariate analysis which has been carried out. This 
analysis has discriminated (in nearly 200 patients) with a 
high degree of accuracy between benign and malignant 
lesions on the basis of six clinical factors and a simple 
"weighting" scale. Finally, the prospects for the next two or 
three vears in this field will be discussed. 


HYPERBARIC OXYGEN VERSUS HYPOXIC CELL 
RADIOSENSITIZERS 


By G. E. Adams 
C.R.C. Gray Laboratory, Mount Vernon Hospital 


"The rationale behind the use of hypoxic cell radiosensitizers 
(electron-affinic agents) in radiotherapy is, in principle, the 
same as that behind treatment ín hyperbaric oxygen, 
namely, the elimination of hypexic cells thought to be 
present in some human tumours and believed to be a limit- 
ing factor in their radiocurability. 

Clinical trials with HBO have shown that benefit can be 
obtained in some situations, but not in others. Overall, 
however, the results are less promising than originally 
anticipated. This could be due to arteriolar constriction 
resulting in a reduction of blood-flow through the tumour 
capillaries, although a more likely explanation is that oxygen 
metabolism in the tumour still prevents all the hypoxic cells 
being sufficiently oxygenated in spite of the increased 
oxygen content in the blood. If some hypoxic cells fail to 
reoxvgenate, even though their proportion might be small 
relative to the number initially present, this would seriously 
limit anv therapeutic gain from HBO. These limitations are 
not present for hypoxic cell sensitization with the electron- 
affinic drugs. Numerous laboratory studies with solid animal 
tumours using in particular the 2-nitroimidazole Ro-07—- 
0382 as a sensitizer, have consistently shown very large 
therapeutic gain factors. This is because the very low rate of 
metabolism of this sensitizer compared with that of oxygen 
enables the drug to reach all hypoxic cells. The theoretical 
and practical implications of this result will be discussed and 
illustrated with laboratory data. 

"There is some evidence that HBO can lead to a small 
increase in well-oxvgenated normal tissue response. This 
will not occur with chemical sensitizers unless the tissue 
concerned contains ` apinan proportion of naturally- 
occurring eae cells. ‘The reason for this additional ad- 
vantage will be discussed. 


A CLINICAL APPRAISAL OF HYPERBARIC OXYGEN 
IN HEAD AND NECK CANCER 


By G. H. Berry 
Cookridge Hospital, Leeds 


'The value of hyperbaric oxygen in the radiotherapeutic 
management of cancer still remains contraversial after 20 
years. Despite this, in the radiotherapeutic management of 
head and neck cancer it appears to have some value. 'The 
evidence being presented to support this statement comes 
from the results of prospective clinical trials carried out in 
Cardiff and Leeds. 

'The Leeds trial was commenced after the Cardiff trial and 
designed to permit the two sets of results being combined if 
necessary. To achieve this the same criteria for patient 
selection were used. However, the radiation programme for 
the two studies differed. The Cardiff study (first trial) gave 
identical doses in air and HBO whereas the Leeds study 
gave different doses. For the Leeds study the air dose/ 
fractionation/time was that normally given by the referring 
consultant and the HBO dose was a reduced dose based on 
treatment volume and ten fractions given three times 
weekly. For the oral and nasal groups this corresponded to 
an N.S.D. of 1900 Ret and for the Larynx-Pharynx groups 
1700 Ret. 

Randomization was done by the MRC. All patients had 
bilateral myringotomies before treatment. Treatment was 
given at a pressure of three atmospheres of oxygen. Radia- 
tion was delivered from a 6MeV linear accelerator through 
a beam direction shell. 

A total of 24 patients were studied, randomized as 13 for 
air and 11 for HBO. One of the latter was excluded leaving 
ten for assessment. ‘To assist evaluation of the results 
patients were separated according to the site treated, node 
involvement and age, Treatment reactions were compared 
for the two groups at monthly intervals. 

Survival and tumour response rates for HBO showed a 
significant improvement compared with patients treated in 
air. The results compare favourably with those reported 
from Cardiff and will be presented. The primary purpose of 
the Leeds study was to compare morbidity for the two series. 
Our results reveal no increased incidence of morbidity. 


A CLINICAL APPRAISAL OF HYPERBARIC OXYGEN 
IN CERVIX CANCER 


By A. J. Ward, B. Dixon and B. Stubbs 
Cookridge Hospital, Leeds 


A controlled prospective study has been carried out on 82 
patients as collaborative work sponsored by the MRC 
Hyperbaric Oxygen Working Party to ev, aluate the role of 
hyperbaric oxygen in radiotherapy for carcinoma of the 
cervix. Identical treatment was prescribed with the external 
beam therapy given either in air or in HBO and the intra- 
cavitary component on the cathetron unit. 

The patients studied had squamous cell carcinoma of the 
cervix and were clinically staged 2B (19) and 3 (63). Data 
obtained from a continuing follow-up suggest a slightly 
improved survival for those in Stage 3 treated in HBO but a 
slightly worse outlook for those in stage 2B so treated. There 
was, however, no significant difference (p > 0.05) in survival 
between the two groups at any time following treatment. 
Actuarial survival curves obtained suggest a four year sur- 
vival of approximately 50°, overall. 

An actuarial analysis also showed that at four years 
approximately 709; of all cases and 65% of Stage 3 cases 
would have been tumour free in the treated volume, there 
being no statistical difference between the local responses of 
those treated in air or in HBO. An analysis of the rate of 
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clearance of tumour also showed no difference between the 
two groups. 

Metastases were reported in nine patients but were 
equally prevalent in the two groups. The only clinically 
significant late morbidity was damage to the small bowel 
but there was no obvious difference between the two groups. 

It appears that there is no significant difference in terms 
of survival, local clearance of tumour, recurrence, metas- 
tasis or morbidity between patients treated in air or in HBO. 
In this centre, for disease at this site and by this method of 
treatment, bearing in mind the difficulties of treatment in 
HBO, it is not considered that treatment in HBO is justified. 
These results are reviewed in the context of those reported 
from other centres. 


HYPOXIC CELL SENSITIZERS IN CLINICAL RADIOTHERAPY 
By S. Dische 
Mount Vernon Hospital, Northwood, Middlesex 


Hypoxic cell sensitizers were introduced into clinical radio- 
therapy in 1973 when metronidazole (Flagyl) was shown in 
laboratory study to be an effective drug. A year later another 
nitroimidazole, the Roche experimental drug Ro-07-0582, 
was shown to be a more effective agent. With metronidazole 
each dose must be some 40 times greater than that given in 
the control of trichomonas. Nausea and vomiting is trouble- 
some but no other immediate side effects have been reported. 
Dr. Urtasun has established a régime using treatments three 
times a week over a period of three weeks and has now 
reported upon a controlled trial in the treatment of gliomas. 
A significant improvement in survival has been shown and 
this can be attributed to the effect of the radiosensitizer. 

The Roche drug Ro-07-0582 proved, in laboratory study, 
to be several times more effective than metronidazole. It is, 
however, a new drug requiring careful toxicological study. 
A successful trial of single doses in normal volunteers was 
followed by its administration in single doses to patients. 
Tolerance was fairly good though nausea and vomiting 
occurred with the higher doses. By irradiating skin made 
temporarily hypoxic, the drug was shown to be an effective 
sensitizer of hypoxic cells in man. In three patients with 
multiple deposits of tumour, evidence of increased tumour 
response was demonstrated in those nodules irradiated when 
Ro-07-0582 was given. 

Encouraged bv these findings we have proceeded to a 
multiple dose study. Although there have been no gastro- 
intestinal symptoms and satisfactory plasma levels have 
been obtained after each dose, the drug has proved to be 
neurotoxic, producing convulsions and peripheral neuro- 
pathy. The dose of Ro-07-0582 which may be used in 
clinical work must be limited. 

New knowledge has accumulated concerning the action of 
Ro-07-0582 as a radiosensitizer and we now have data as to 
the tumour concentrations which may be attained in man. 
It is apparent that there is considerable clinical application 
possible within this dose range and a chance of a real benefit 
in clinical radiotherapy using the drug. 


THE SEARCH FOR OXYGEN INDEPENDENCE 
(NEUTRONS, PI MESONS ETC.) 


By R. E. Ellis 
Department of Medical Physics, Leeds University 


'The philosopher's stone of much radiobiological research 
has been to devise a form of radiation treatment which 
would provide a selective radiation which (i) reacts uni- 
formly with all the neoplastic cells irrespective of their 
oxygen status and of whether the cells are in the main 


tumour or are invading through normal tissues. In a frac- 
tionated régime the ultimate aim would be to have a sit- 
uation where no recovery takes place for these neoplastic 
cells; (ii) at the same time there should be minimal dose and 
damage to the normal cells and connective tissues within the 
radiation fields, and these normal cells and tissues should 
show maximum recovery in the selected fractionated treat- 
ment régime. 

'The progress towards such a goal has been to investigate 
the radiations which provide higher linear energy transfer 
(LET) particles in their interaction with tissues: such as 
neutrons which give protons and recoil nuclei, negative « 
mesons which give protons and « particles and other heavier 
nuclei, or the direct use of accelerated heavy ions. The study 
of sensitizers administered simultaneously with these radia- 
tions is also making considerable progress. 

The oxygen enhancement ratio (OER) for neutrons of 
6 to 17 MeV is about 1.7 and may vary with depth in the 
range 1.5 to 2.0. Recent information would suggest that as 
the neutron energy is increased to 60 MeV the OER may 
reduce to 1.2. The pion beam data indicates that for 70 MeV 
pions the OER in the peak region is 1.7 and in the plateau 
region 2.1. There is therefore a case for experimenting with 
higher energy neutrons and perhaps little to be gained as 
far as OER is concerned in changing from neutrons to pions. 
However, this is not all of the story. The gain using pions 
would be in the distribution which would allow normal 
tissues to be spared considerably more than with neutrons, 
e.g. in a three-field pion beam the normal tissues would only 
get 10 to 20%, of the peak region. This may be an important 
factor as has been shown by Allt in Toronto with his com- 
parison of the ten-year survival of patients with cancer of the 
cervix stage III where a 31% survival is reported on the 
Betatron and 189; on the "Co unit, the principal difference 
being in the dose to the normal tissues. 

The main difficulty with heavy ion beams is the very 
narrow Bragg peak which would necessitate scans both 
across the beam and in energy to get the maximum in depth 
and in this way much of the peak to plateau advantage will 
be lost. The advantage however for ions of carbon and 
heavier elements is that there is no variation in sensitivity 
during the cell cycle. This may be an important factor as 
the variation in sensitivity for X rays is 2.5 during the cell 
cycle. 

Research in the future must therefore concentrate on 
these unknown factors together with studies of the effect of 
mixture of high LET first and low LET to follow and the 
use of radiations and sensitizers together. 


A CLINICAL APPRAISAL OF NEUTRON THERAPY 
By Mary Catterall 


MRC Cyclotron Unit, Hammersmith Hosptial, 
London 


All machines treating patients with fast neutrons are at 
significant disadvantages compared with megavoltage 
sources. The 7.5 MeV neutrons from the MRC cyclotron at 
Hammersmith Hospital produce isodoses which are only 
equal to 250 kV X rays with rounding of the ends and a pen- 
umbra; moreover the beam is fixed in the horizontal position, 
Other neutron sources in the world are remote from a 
hospital and available at restricted times only. Despite these 
disadvantages, comparisons are being made with treatments 
from linear accelerators and cobalt machines by controlled 
clinical trials. 

The first of these has just been completed at Hammer- 
smith Hospital. Patients with advanced tumour of the head 
and neck (T3 or Ta, with or without nodes) were random- 
ized to treatment with neutrons or photons. There was a 
statistically highly significant advantage to the neutron 
treated patients in terms of complete regression of tumours 
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and incidence of recurrence. Other comparisons between 
two pimary tumours in the same patient treated by the two 
methods have shown recurrences in the photon treated 
patients but not in the neutron treated patients. Com- 
parisons are also being made of effects on normal structures. 

Clinical impressions, not yet tested by controlled clinical 
trials, are that neutrons are more effective in the treatment 
of soft tissue sarcoma, adenocarcinoma and glands involved 
with melanoma. 

"The cost of neutron therapy is difficult to assess, but at 
Hammersmith the cyclotron also produces short-lived iso- 
topes which are being increasingly demanded by neuro- 
logists, cardiologists, and chest physicians, and in perform- 
ing activation analvses, useful for endocrine disorders and 
possibly for other research. Radiobiology orientated to can- 
ver research is another important part of the cyclotron pro- 
gramme. 


LYMPHOCYTE CHROMOSOMES, BANDING AND 


IRRADIATION 
By Gillian Kitchingman 
Department of Radiotherapy, Leeds University 


Human venous blood has been irradiated in vitre with single 
doses either of y rays, at high and low dose rates, or 14 MeV 
neutrons produced by the D-T reaction, which were either 
given continuously at approximately 10 rad/min or in 
pulses lasting 15 microseconds at a rate of two per second, 
leading to a cumulative rate of about 0.5 rad/min. Lympho- 
cyte metaphase spreads were examined at their first division 
in tissue culture, and the number of gross chromosomal 
sberrations induced by the two tvpes of radiation were 
compared. The y-ray data could be defined by an equation 
indicating that a fraction. of the aberrations increased 
linearly with dose, and the rest increased proportionally to 
the square of the dose. The relative sizes of the two com- 
ponents varied according to the dose rate. The dose response 
curves for 14 MeV neutrons were linear throughout, so 
their RBE increased with decreasing dose. For neutrons 
given in pulses, the RBE in the dose range 5 to 75 rad was 
between seven and four. For neutrons given continuously 
over the same range of doses, the RBE values were ap- 
proximately half those of pulsed neutrons. 

Staining chromosomes to produce G bands shows radia- 
tion-induced exchanges and breaks not recognizable by 
conventional staining techniques. Band position along chro- 
mosomes was measured directly, using microdensitometry. 
Because of variabilitv of hand position along normal chro- 
mosomes, small radiation induced changes could not be 
detected, whilst gross changes in banding pattern could be 
detected by simple examination of the metaphase spread. 
However, the microdensitometric method does allow the 
position of chromosomal breaks to be established, without 
recourse to photography and karyotyping. 

An alternative method under investigation utilizes a 
technique to demonstrate exchanges between sister chro- 
matids which have been found to be significantly increased 
hy irradiation, 


TUMOUR PLOIDY AND PROLIFERATION STATE IN RELATION 
TO RADIOTHERAPEUTIC RESPONSE 


By B. Dixon 
Cookridge Hospital, Leeds 


"The initial clinical response of a tumour to radiotherapy 
depends not only upon total dose, fractionation, overall 
time, etc., but may also depend upon the kinetic status and 
DNA content (ploidy) of the tumour cells and changes 


brought about during the course of treatment. To deter- 
mine the relative importance of the kinetic status and 
ploidy of cervical tumours in determining their clinical 
response, pre-treatment biopsies from patients undergoing 
intracavitary high dose-rate 9?Co cathetron or low dose-rate 
177Cs intracavitary irradiation are being studied by means of 
in vitro labelling with ?H—TdR and ploidy measurements of 
Feulgen stained preparations of tumour cells. 

3H-'TdR labelling indices (LI) have been obtained rang- 
ing from 1.8%, to 27.8%. No correlation is observed be- 
tween mean LI’s and the histological type of tumour or its 
degree of differentiation. Comparison with previously 
reported data indicate that with increasing clinical stage in 
cervical carcinoma a considerable lengthening of the pot- 
ential doubling time of tumour cells—from less than one to 
eight days—occurs. Vaginal spread of tumour is directly 
related to the degree of parametrial involvement and the 
mean time taken for the vaginal component of the tumour to 
resolve following radiotherapy is related to initial spread and 
pre-treatment LI. Up to one year following radiotherapy the 
incidence of local recurrence, or metastatic disease, is un- 
related to pre-treatment LI. 

Microdensitometric analyses indicate that the ploidy 
status of cervical tumours varies from diploid to aneuploid. 
For those with bimodal DNA distributions estimation by 
probit transformation of the proportion of cells synthesising 
DNA correlates with that measured by ?H-TdR auto- 
radiography. Measurement of sequential biopsies from 
patients indicates that the technique may in qualitative 
terms be useful in assessing proliferative status of tumour 
cells during a course of treatment. 


COMBINATION CHEMO- AND RADIOTHERAPY OF A 
TRANSPLANTABLE, METASTASIZING TUMOUR 


By J. V. Moore 
Paterson Laboratories, Christie Hospital, Manchester 


'The use of cytotoxic drugs as adjuvants to radiotherapy has 
become increasingly common. The usual rationales for the 
use of such adjuvants are: (1) an increased effect on a pri- 
mary tumour, either through the independent actions of the 
two modalities or through their interaction; and (2) the 
cytotoxicity of the drugs on any occult distant metastases. 

In these contexts, the response to y-irradiation alone and 
to irradiation plus cyclophosphamide (CP) was examined 
for a rat mammary carcinoma. Tumour response was mea- 
sured in terms of delay in its overall growth after CP and/or 
irradiation, and of changes in its cellular kinetics over several 
days after a high dose of CP. At a time after drug when 
DNA synthesis and mitotic activity were least, the response 
of the tumour to irradiation suggested that the fraction of 
hypoxic cells was higher than before treatment. Thus, 
while the combination CP-y was usually additive in effect, 
at this interval (four days) the effect was less than additive. 
Further, the adjuvant use of high doses of CP apparently 
enhanced the rate and extent of disseminated disease. 


STUDIES OF BONE STRUCTURE AND DOSIMETRY OF BONE- 
SEEKING RADIONUCLIDES. SOME RESULTS AND 
IMPLICATIONS 


By F. W. Spiers 
Bone Dosimetry Unit, Cookridge Hospital, Leeds 


Measurements of the microscopic structure of human and 
animal bone have been made in order to determine the dose 
to the tissues of bone from radionuclides incorporated in the 
bone matrix or on bone surfaces. The measurements, how- 
ever, are relevant to a wider field of bone studies than the 
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purely dosimetric and some of these other aspects will be 
included in this paper. 

In order to determine the dose from f or a particles 
crossing an irregular structure like trabecular bone, the 
interpenetrating arrangement of bone and soft tissue is 
quantified in a special way by measuring two frequency 
distributions of path lengths (1) through the trabecular and 
(2) through the marrow spaces. The distributions of path 
lengths through trabecular bone are measured automatically 
by means of a scanning microscope viewing low voltage 
radiographs of very thin sections cut from metal-embedded 
specimens. À modified method is used for cortical bone. 

In brief outline, the structure of human trabecular bone is 
characterized by path lengths that average about 200 um 
through the trabeculae and some 1000 to 1500 um through 
the marrow spaces, the values differing for different bones. In 
animal bone the trabecular path lengths are similar to those 
in human bone but the marrow path lengths are very much 
smaller. 

Some results of the dosimetry will be given to illustrate 
how the dose rate depends on bone structure. In general the 
dose rates are higher in voung than in adult bone and very 
much greater in animal bone than in man. 

Other parameters relevant to bone studies, such as the 
percentage bone and the surface-to-volume ratio, can be 
derived from our measurements and examples will be given 
to show species and age differences. In particular the total 
endosteal surface area in the trabecular and cortical parts of 
the six long bones of an adult human subject have been 
determined. Comparison of these results with records of the 
frequency of bone sarcoma (both natural and radiogenic 
tumours) has shown that the probability of tumour occur- 
rence correlates well with trabecular but not with cortical 
area. It can be deduced that the probability of sarcoma 
occurrence per unit surface area is about five to six times 
greater in trabecular than in cortical bone. 


THE DYNAMIC ASPECTS OF BONE TUMOURS 
By J. M. Fitton 
St. James’s Hospital, Leeds 


During the period of growth of the skeleton the position and 
extent of tumours and cysts in long bones depends on three 


un 


factors: the site of origin, the expansion of the tumour and 
the growth of bone from the epiphysis. The site and change 
of tumours and cysts in bones is important in diagnosis, and 
in certain cases it may help the surgeon to decide whether or 
not to undertake exploration and biopsy. 

The distinction between change in a lesion due to its ex- 
pansion and to growth at the epiphysis is difficult to evaluate. 
It is possible to prepare charts of bones showing growth and 
then to locate on these bone tumours and cysts. Such charts 
showing the growth of certain long bones and the be- 
haviour of certain lesions will be illustrated. From these it is 
possible to formulate ideas about the time and place of 
origin of certain lesions. 


THE PLACE OF RADIOTHERAPY FOR BONE TUMOURS 
By L. A. Firth 
Cookridge Hospital, Leeds 


A review of the literature reveals the inadequacy of our 
knowledge. A few points emerge. 

Recent advances in chemotherapy have reduced the need 
for radiotherapy in osteosarcoma, but when radiation is the 
primary treatment the lengthened survival demands a good 
local result. Histological studies suggest that doses of about 
10000 rad are required. All the cured patients in Brzakovié's 
series received orthovoltage; this, with the work of Urtasun 
on cell cultures, merits further attention. Chambers and 
Mahoney achieved a 73% survival in osteosarcomas of the 
mandible treated by radium implant and hemimandibulec- 
tomy. 

A number of dramatic remissions have been recorded 
following therapy of chondrosarcoma with 3S, Malignant 
fibrous histiocytoma may be more radiosensitive than has 
been supposed, and radiotherapy is possibly indicated in 
inoperable disease. Several recent articles on bone meta- 
stases suggest that single exposures are as effective as longer 
courses, and that small doses are adequate. The nature of 
the primary is not important. Good palliation can often be 
obtained with ??P, 

Although unfashionable in these days of multicentre 
trials, brief but detailed case reports are still important in 
accumulating information on these rare tumours and should 
be encouraged. 
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Fine needle percutaneous cholangiography in biliary atresia, by H. B. Nunnerley, I. P. Wells, E. R. Howard and A. Mowat. 
The radiology of slipped femoral capital epiphysis, by T. J. Bloomberg and D. J. Stoker. 

‘The radiologist in the management of massive lower gastro-intestinal bleeding, by J. F. Reidy. 

Antegrade intubation barium examination of the small intestine, by D. J. Nolan and N. Pantelidis. 

A study of the relationship between eye movements and observer performances in diagnostic radiology, by F. Johnson and 


B.S. Worthington. 
Contrast laryngography, by A. H. Chalmers and A. Mills. 


Flow patterns at constrictions, branches and bends, by A. E. Hugh. 

Infusion tomography of the gall-bladder, by R. Wilkins and P. Renton. 

‘The radiology of the loin pain haematuria syndrome, by P. B. Guyer. 

'The use of a wedge filter in the double contrast barium enema, by G. de Lacey, B. Wignall and C. Bridges. 


Lymphangiogram pump, by A. Amos and W. F. White. 


The arteriographic anatomy of the coronary arteries, by Sally Allwork, D. Hawtin and M. Raphael. 
Anatomical aid for the interpretation of EMI scan images, by R. E. Coupland, B. Logan and B. S. Worthington. 
Computerized tomographic appearances of the pelvis, by L. Kreel and Brenda Sandin. 


Comparison of ultrasound and computerized axial tomograp 
Husband and L. Kreel. 


hy in the diagnosis of pancreatic disease, by H. B. Meire, Janet 


Normal fetal anatomy as shown by grey scale ultrasound, by A. Paris. 


EMI/SHM automated isodose plotter—radiation beam data 


M. Fitzgerald and D. Doughty. 


from both manual and computer control, by G. D. Lambert 


Application of a radiotherapy simulator for imaging body cross sections, by S. Webb, S. C. Lillicrap, Heather Steere and 


R. D. Speller. 


Íron-52 as a bone marrow scanning agent, by Heather A. Steere, S. C. Lillicrap, H. M. Clink and M. J. Peckham. 


FINE NEEDLE PERCUTANEOUS CHOLANGIOGRAPHY IN 


BILIARY ATRESIA 


By H. B. Nunnerley, I. P. Wells, E. R. Howard and 
A. Mowat 


Departments of Diagnostic Radiology and Paediatrics 
King's College Hospital 


An exhibition was mounted to demonstrate the contribution 
of fine needle percutaneous cholangiography to the con- 
firmation of the diagnosis and to the assessment of the extent 
of biliary atresia in infants. The technique involves the 
introduction of a 23 gauge Okuda needle via the lateral 
intercostal approach under general anaesthetic, ‘This allows 
normal biliary ducts to be opacified even in infants. Hepatic 
and portal venous filling may also be obtained. Cholangio- 
grams demonstrating hypertrophy of hepatic lymphatics 
imply biliary duct atresia. This was illustrated and a further 
case of intra-hepatic atresia with normal extra-hepatic ducts 
wus accompanied by a peroperative cholangiogram for 
confirmation. Clot in the portal vein is a well recognized 
complication of the disease, and one cholangiogram showed 
clot in the portal vein with collateral formation. 

The surgical technique for the relief of jaundice in biliary 
atresia involves anastomosis of hypertrophied hepatic 
lymphatics to a loop of jejunum (Kasai Procedure). A post- 
operative percutaneous cholangiogram demonstrating flow 
of contrast via lymphatics into the jejunum was shown. The 
anatomy had been confirmed during screening by seeing 
peristalsis in the loop of jejunum. 


THE RADIOLOGY OF SLIPPED FEMORAL CAPITAL 
EPIPHYSIS 


By T. J. Bloomberg and D. J. Stoker 


Department of Radiology 
Royal National Orthopaedic Hospital 


"This demonstration illustrates the radiographic spectrum of 
the condition and is based on a study of 114 patients seen at 
the Royal National Orthopaedic Hospital. 

‘The diagnosis is based on radiographic appearances and 
the most helpful are detailed. 


Although the diagnosis can often be made on a frontal 
radiograph, in 11% the slip can only be demonstrated on the 
lateral film. 

A variety of conditions associated with slipped femoral 
capital epiphysis are illustrated. 


THE RADIOLOGIST IN THE MANAGEMENT OF MASSIVE 
LOWER GASTRO-INTESTINAL BLEEDING 


By Dr. J. F. Reidy 


Department of Radiology 
St. George's Hospital, London, S.W.17 


Massive lower gastro-intestinal bleeding is an uncommon 
but potentially dangerous situation. Fortunately, in the 
majority, bleeding will stop with conservative management. 
Only occasionally is it severe enough to warrant surgery. 
Conventional radiology is of little value in localizing the 
bleeding and, even at laparotomy, finding the bleeding site 
is usually impossible. Faced with this situation, the surgeon 
usually has no choice but to remove most of the colon, a 
major procedure in patients who are often elderly and “at 
risk". Ín such cases angiography performed while bleeding 
is occurring will usually demonstrate the site. Six cases 
showing bleeding due to a variety of causes were demon- 
strated. In all patients selective injection into the superior 
mesenteric artery showed extravasation of contrast medium. 
The radiologist's role is emphasized: not only can he localize 
the site of bleeding but he can also stop the haemorrhage by 
infusing the same catheter with pitressin. If this is success- 
ful he may well save the patient from major surgery. Even if 
the bleeding does not stop or recurs, a limited resection is 
then possible. This service, both diagnostic and therapeutic, 
should be well within the range of any general X-ray 
Department doing angiography. 


ANTEGRADE INTUBATION BARIUM EXAMINATION OF THE 
SMALL INTESTINE 
By D. J. Nolan and N. Pantelidis 
Radcliffe Infirmary, Oxford 


The big disadvantage of the follow-through barium exam- 
ination is that the pyloric sphincter prevents adequate filling 
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of the loops of the small intestine. The action of the pyloric 
sphincter is overcome by passing a Bilbao-Dotter duodenal 
tube (Sellink modification) to the ligament of Treitz. Dilute 
barium (S.G. 1.2—1.3) is then infused at a rate of approx- 
imately 100 ml/min and radiographs are obtained of the 
small intestine well distended with barium. A total of 600 to 
1200 ml of barium is infused and the terminal ileum is 
reached in five to ten minutes. Air or water may be used to 
obtain double contrast views, where necessary. The tech- 
nique is similar to that described by Sellink (1976). 

Our initial experience indicates that this is a far more ac- 
curate method than the follow-through as normal segments 
of the intestine can be clearly shown and the extent of 
diseased segments accurately estimated. The time taken for 
the examination is normally 20 to 30 minutes. 


REFERENCE 
SELLINK, J. L., 1976, Radiological Atlas of Common Diseases 
of the small Bowel (Leiden, H. E. Stenfert Kroese B.V.). 


A STUDY OF THE RELATIONSHIP BETWEEN 
MOVEMENTS AND OBSERVER PERFORMANCES IN 
DIAGNOSTIC RADIOLOGY 


EYE 


By F. Johnson and B. 8. Worthington 
University Hospital and Medical School, Nottingham 


Eye movements are an inherent part of inspecting a 
radiological image. Observers of differing radiological ex- 
perience searched without time limit a series of chest X-rays, 
some of which had a single low density coin lesion super- 
imposed on one lung field. The number of fixations to 
detect the lesions was recorded using an NAC Eye Mark 
Recorder. 

In the case of normal films, measurement was made of 
the number of fixations to complete a search to the satisfac- 
tion of the observer. Histograms of the fixation times 
and interfixation distances were prepared from the data. 

The observers showed a similarity in respect of their 
modal fixation times and in the distribution of inter- 
fixation distances. The less experienced observers showed 
a tendancy to fixate on sharp edges in the image and to 
ignore the peripheral lung fields. In general, the more 
experienced the observer the shorter was his mean fixation 
time and the smaller was the number of fixations, both to 
detect a lesion and to complete a search of the film. 


CONTRAST LARYNGOGRAPHY 
By A. H. Chalmers and A. Mills 


Department of Diagnostic Radiology 
Kings’ College Hospital, London, S.E. 5 


'The exhibit discussed the use of contrast laryngography, 
described the technique and showed examples of lesions 
affecting the various parts of the larynx. 

Contrast laryngography provides better anatomical detail 
than tomography, and by taking films during inspiration, 
phonation, modified Valsalva and Valsalva manoeuvres 
normal mobility of the cords and related structures can be 
shown. The subglottic area is well shown and the larynx can 
also be demonstrated in cases when direct laryngoscopy is 
impossible due to bulky proximal tumours. 

"The patient is premedicated with two Actifed tablets to 
reduce secretions and then the larynx is anaesthetized by 
trickling Lignocaine 4% over the back of the tongue, 
followed by Oily Dionosil. P. A. and lateral films are taken 
during each breathing manoeuvre. 

'T'umours are diagnosed by showing an irregular mass and 
the extent determined by showing invasion or immobility of 


local structures. The anterior commissure is readily assessed 
as well as the rest of the larynx. The examination takes about 
20 minutes on a screening unit and although more unpleasant 
than tomography for the patient, does provide more ine 
formation. 


FLOW PATTERNS AT CONSTRICTIONS, BRANCHES AND 
BENDS 


By A. E. Hugh 
North Staffordshire Hospital Centre 


In a model constucted of 4 in. half-round plastic guttering, 
flow patterns are demonstrated using fine aluminium powder 
sprinkled on the surface of the circulating water impelled by 
a paddle-wheel. 

At constrictions, both upstream and downstream stasis is 
seen, in the angle between the vessel wall and the con- 
striction. After prolonged circulation focal deposits of 
powder form consistantly in certain areas on either side of 
the stenosis, which could well be of significance in physio- 
logical situations. However, the most striking feature shown 
in both short and long constrictions is retrograde flow of 
particles in the boundary layer, to the low-pressure area at 
the mouth of the constriction. This occurs despite very rapid 
fow in the main channel of the constriction, and is suggested 
to be an important mechanism causing narrowed vessels to 
block off completely. 

At branches, the uneven velocity of fluid particles is well 
shown. High-velocity particles are seen to lift off the vessel 
wall, leaving areas of stasis in two consistant area in the 
main channel, opposite the branch mouth, and within the 
branch mouth, on its outer (or upstream) wall. Depending 
on the amount of flow this stasis can extend along a con- 
siderable length of channel. 

At bends, spiral "in depth" currents are a prominent 
feature, together with areas of stasis at certain areas on the 
vessel wall. 

Zones of stasis and retrograde flow are thought to be of 
great importance in the arterial system, and their place in a 
two-cycle theory of atherogenesis is shown in an accom- 
panying diagram. 





INFUSION TOMOGRAPHY OF THE GALL-BLADDER 
By R. Wilkins and P. Renton 


Northwick Park Hospital and Clinical Research Centre 
Watford Road, Harrow, Middlesex 


'This is a technique for the radiological diagnosis of acute 
cholecystitis. It relies upon the principle of total body 
opacification with water soluble contrast media during 
which an inflamed organ becomes more radio-dense than the 
surrounding tissues. No preparation is needed for this 
technique and the entire procedure takes approximately 40 
minutes. Infusion cholecystography can be undertaken even 
in the prescence of jaundice of vomiting. 

An initial scout radiograph of the right upper quadrant is 
taken, following which 300 ml of Methylglucamine Diatria- 
zoate (3095) is infused intravenously over a 15-20 minute 
period. Immediately after the infusion, A. P. or P. A. 
tomograph cuts of the gall-bladder region are taken. À neg- 
ative examination in which there is no radiological evidence 
of acute cholecystitis is made when there is no opacification 
of the gall-bladder wall. A positive examination is represented 
by a ring shadow in the right upper quadrant representing 
the inflamed gall-bladder wall. The gall-bladder lumen is 
seen as an unopacified lucent centre. In some instances 
calculi may be seen within this. 
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This technique has been used effectively in our depart- 
ment for a short time and our results have been in keeping 
with those described by Love (1976) who found a 90%, 
accuracy rate in the diagnosis of acute cholecystitis, there 
being only one false negative examination out of a total of 27 
patients. 

‘This radiological technique is particularly recommended 
in those institutions in which cholecystectomy is performed 
during the acute phase. 


REFERENCE 
Love, L., 1976. Infusion tomography of the gall-bladder. 
Seminars in Roentgenology, 11, 181-184. 


THE RADIOLOGY OF THE LOIN PAIN HAEMATURIA 


SYNDROME 
By P. B. Guyer 


Southampton General Hospital, Tremona Road 
Southampton 






Examples from angiograms from 13 patients were demon- 
ated. They were all young females, mostly aged 18 to 25 
years, with recurrent loin pain which is normally bilateral, 
and accompanied by haematuria, which may be microscopic 
only. A prominent feature of the case histories has been the 
tendency to psychological disorders such as hysteria, derma- 
titis artefacta, and attempted suicide. Many, but not all, of 
the patients have at some stage received oral contraceptives. 
Physical exarnination is normal except for loin tenderness 
during attacks. Tests of renal function are also normal. 
Excretion urography is normal in this condition. Angio- 
graphy was bilaterally abnormal in 12 of the 13 patients, 
and abnormal in one side only in the 13th patient. The main 
abnormality is in the nephrogram where there are wide- 
spread cortical defects with loss of differentiation between 
the cortex and medulla; these changes may affect part or the 
whole of either kidney. In addition to this many patients 
show arterial irregularities and tortuosity, and most patients 
show sorne evidence of vascular stasis with prolonged 
arterial filling in the area of the abnormal nephogram. A few 
patients show actual arterial occlusion, with resulting visible 
renal infarction, as shown by larger areas of renal ischaemia. 


THE USE OF A WEDGE FILTER IN THE DOUBLE CONTRAST 
BARIUM ENEMA 


By G. de Lacey, B. Wignall and C. Bridges 


Departments of Diagnostic Radiology and Physics 
St. Georges’ Hospital, London 


Ön lateral decubitus views there is increased absorption of 
the X-ray beam by soft tissues on the dependent side, and in 
some obese patients this may cause unilateral under- 
exposure or over-exposure, This uneven film blackening is 
readily overcome by using a wedge filter which slides 
temporarily on to the tube head. The filter is constructed of 
Dural measuring 110 mm » 65 mm and tapering from 20 mm 
to zero and mounted on a "'ufnol base. Tufnol is a strong 
resim impregnated linen cloth and is cut to fit the filter 
mounting on the tube head. The kV is increased by five 
above that which would otherwise be required to provide 
adequate penetration of the elevated side. This allows 
optimal film blackening of the dependent side, but the filter 
prevents excess blackening of the opposite and elevated side. 
Photographs of the wedge filter, and radiographs of de- 
rubitus views with and without the filter were included in 
the exhibit. 


LYMPHANGIOGRAM PUMP 
By A. Amos and W. F. White 


Regional Centre of Radiotherapy and Oncology 
St. Luke's Hospital, Warren Road, Guildford 
Surrey GU1 3NT 


The lymphangiogram pump demonstrated at the Scientific 
Exhibition of the B.I. R. Congress 1977 resulted from an idea, 
in discussion with Dr. Hugh Saxton, to produce a method of 
injecting lipiodol ultra fluid other than by using an electric 
pump. The basic motive force is compressed carbon dioxide 
which comes in a convenient form in "sparklet" cvlinders. 
The gas is released into a large chamber and through this 
via pressure controls to cylinders which compress standard 
syringes. In this way a constant pressure can be applied to 
the syringe plungers. 

In a large regional centre where lvmphangiograms have 
been carried out in a number of different departments, both 
radiological and radiotherapy, together with medical and 
surgical departments, it was found that there was consider- 
able variation in the type of electrical sockets and the need 
for a variety of electrical connections. ‘The method was 
developed in order to overcome this problem so that the 
pump could be entirely portable and free of any other 
motive force. 

By varying the pressure applied to the syringes the flow 
rate through a lymphangiogram injection set can be varied 
and calibrated, the pressure flow dynamics being an indi- 
vidual parameter for each type of lymphangiogram set. ‘The 
lymphangiogram pump is simple in construction and 
operation and affords the possibility of carrying out the 
procedure under variable conditions with complete electrical 
safety. 


THE ARTERIOGRAPHIC ANATOMY OF THE 


ARTERIES 
By Sally Allwork, D. Hawtin and M. Raphael 


Royal Postgraduate Medical School 
Hammersmith Hospital, London, W.12 


CORONARY 


The beginner in coronary arteriography has considerable 
difficulty in understanding coronary anatomy in terms of 
three dimensions. Fo aid in understanding we have prepared 
a series of casts of the coronary arteries of the human heart, 
and photographed these in projections similar to those used 
in coronary arteriography. The casts have been matched 
with comparable coronary arteriograms. 


ANATOMICAL AID FOR THE INTERPRETATION OF 
SCAN IMAGES 


EMI 


By R. E. Coupland, B. Logan and B. S. Worthington 


Department of Human Morphology 
University Hospital and Medical School, Nottingham 


A technique for the preparation and mounting of head 
sections has been developed for the purpose of facilitating 
the interpretation of EMI scan head images. 

A casting box was constructed with a wooden base and 
polished Perspex sides. The bottoms of the sides were fitted 
into slots on the base and the tops were held together with 
specially constructed clips. 

A deep frozen embalmed head was placed on its side on 
the centre of the base supported by blocks of plasticine with 
the median sagittal plane parallel to the base board and the 
orbito-meatal line parallel to one side of the box and at right 
angles to the adjacent side. The sides of the box were then 
put in place and clipped into position. 
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Fine sand was then poured into the box to a level 
ensuring the visibility of the median sagittal planeof the head. 
Plaster of Paris was poured in until it covered the head to a 
depth of about 2 cm. 

After further deep freezing, sections were made with a 
band-saw either in or parallel to the orbito-meatal line at 
intervals of 1 cm and placed serially into a fluid prepared 
according to the Wentworth technique and finally mounted 
in Perspex containers. 

The specimens are of particular value in the interpretation 
of EMI scan images. Where the plane of section passes 
through or below the third ventricle, it materially assists in 
the identification of structures related to the tentorium 
cerebelliand lying in or adjacent to the posterior cranial fossa. 


COMPUTERIZED TOMOGRAPHIC APPEARANCES OF THE 


PELVIS 
By L. Kreel and Brenda Sandin 


Division of Radiology Clinical Research Centre 
Northwick Park Hospital, Harrow 


An important feature of examinations by CT is the ability to 
show soft tissues. ‘The demonstration of soft tissue abnorm- 
alities in the pelvis is often of great importance in diagnosis 
for decisions which directly affect management. In order to 
do this, an appreciation of normal anatomy is required. 

'The conditions which need to be defined include tumours 
of the cervix, uterus and ovaries, extension of these tumours 
to lymph nodes, the visualization of tumours in the bladder, 
and diffuse infiltration which may affect pelvic soft tissues. 

CT scanning also produces high definition pictures of 
bone, so that small sclerotic and lvtic deposits can be 
defined. 


COMPARISON OF ULTRASOUND AND COMPUTERIZED 
AXIAL TOMOGRAPHY IN THE DIAGNOSIS OF PANCREATIC 
DISEASE 


By H. B. Meire, Janet Husband and L. Kreele 


Department of Radiology 
Clinical Research Centre and Northwick Park Hospital 
Harrow, Middlesex 


The exhibit includes examples of the normal pancreatic 
appearances and anatomy as demonstrated by computerized 
tomography and ultrasound. The importance of identifying 
the structures related to the pancreas is emphasized, 
especially with respect to the interpretation of the ultra- 
sound images. The typical appearances of acute pancreatitis, 
chronic pancreatitis and the sequelae of pancreatic inflam- 
mation, as demonstrated by both techniques, is shown. 
Examples of pancreatic carcinoma and the criteria for its 
diagnosis are also included. The majority of comparitive 
images were taken by both techniques on the same patients 
at the same anatomical levels and the ability of each tech- 
nique to visualize both the pancreas and other structures at 
that level can also be seen. 

A preliminary analysis of our early results is included. 
'This shows that in the first 50 patients ultrasound had a 
small but significant failure rate owing to bowel gas, but in 
those patients in whom adequate examinations were ob- 
tuned the diagnostic accuracy for both techniques is about 

as 

70s 


NORMAL FETAL ANATOMY AS SHOWN BY GREY SCALE 


ULTRASOUND 
By Miss A. Paris 


Northwick Park Hospital and Clinical Research Centre 
Watford Road, Harrow, Middlesex 


'This exhibit demonstrates the ultrasonic appearance of the 
fetus at different stages of gestation. 

The size of the gestation sac at the sixth week after the last 
menstrual period 1s shown together with a time position scan 
of the fetal heart movements. 

Crown rump lengths of the fetus are recorded in the 
seventh, eighth, tenth and twelfth weeks of gestation. Some 
of the anatomical structures shown on longitudinal scans are 
demonstrated in both a mid-term fetus and in one over 30 
weeks. 

'The fetal spine is illustrated at 16 weeks and, in cross- 
section, anatomy of the lower chest and upper abdomen in a 
fetus under 20 weeks. 

A section of the exhibit displays anatomical structures 
which can be demonstrated in fetuses over 26 weeks when 
scanned in cross-section. Structures include the heart and 
intra-ventricular septum, the aortic arch and the whole 
length of the abdominal aorta; the kidneys and renal pelvces 
and urine-filled bladder, the distended stomach, umbilical 
vein and fetal liver. 

'The prints used for the exhibit were selected from both 
70 mm negatives taken with a Shackman Super Seven 
camera attached to a 5 in. TV monitor and from 35 mm 
negatives exposed to an 11 in. TV monitor. 


EMI/SHM AUTOMATIC 
BEAM DATA FROM BOTH MANUAL 
CONTROL 


By G. D. Lambert, M. Fitzgerald and D. Doughty 


Department of Radiation Physics 
St. Bartholomeus Hospital 
London EC1A 7BE 


'This exhibit was arranged to convey the scope and perfor- 
mance of the EMI/SHM Automatic Isodose Plotter which 
was recently borrowed from the DHSS. 

The equipment was used under computer control—for 
beam data acquisition for the Rad 8 treatment planning 
system, and under manual control—for depth dose, profile 
and isodose plotting. A description of the equipment was 
followed by a display and comparison of results obtained 
using both modes of control. 

Manual control proved to be a straightforward, rapid and 
accurate method of depth dose and profile plotting. Isodose 
plotting was found to be only semi-automatic in that the 
plotting velocity had to be controlled continually to mini- 
mize fluctuations in the plots. One radiation field took 
typically 20 minutes to complete. The computer controlled 
mode was very efficient, a complete set of beam data for a 
treatment unit (say 80 fields) taking only two days to measure 
including set up and trials. 

Comparisons showed that isodoses drawn by the Rad 8 
treatment planning program were in close agreement with 
those produced by the plotter in the manual control mode, 
particularly after smoothing the computer data. Differences 
were thought to be due to inadequacies of the computer 
algorithm rather than incorrect data values and could be 
reduced by slight adjustment of the beam profile values. 


ISODOSE PLOTTER——RADIATION 
AND COMPUTER 
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APPLICATION OF A RADIOTHERAPY SIMULATOR FOR 
IMAGING BODY CROSS SECTIONS 


By S. Webb, 5. C. Lillicrap, Heather Steere 


Physics Department, 
Institute of Cancer Research and Royal Marsden Hospital 
Sutton, Surrey 


and R, D. Speller 


The Middlesex Hospital Medical School 
Cleveland Street, London, W1 


A map of cross sectional tissue structure and associated 
linear attenuation coefficient within the body contour has 
been obtained by the technique of reconstruction. from 
X-ray transmission projections recorded with a radiotherapy 
simulator. The technique allows reconstruction tomography 
with its applications for treatment planning to be available to 
departments of radiotherapy possessing conventional radio- 
therapy planning equipment. 


We present a grey scale reconstruction picture showing the 


distribution of tissue within a two-dimensional slice of a 
chest phantom. The experimental technique for obtaining 


IRON-52 AS A BONE SCANNING MARROW AGENT 


By Heather A. Steere, S. C. Lillicrap, H. M. Clink 
and M. J. Peckham 


The Royal Marsden Hospital and 
Institute of Cancer Research 
Downs Road, Sutton, Surrey SM2 5PT 


Iron-52 has been in routine use as a bone marrow imaging 
agent for over two vears. Whole-body digital scans are 
carried out 20 hours after the intravenous administration of 
pCi Fe-52 as the citrate. 

Initial studies consisted of finding the distribution of iron- 
52 in normal and various groups of abnormal subjects and 
hence calculating the radiation dosimetry associated with the 
test, Subsequently, specific groups of patients have been 
examined with a view to (a) examining quantitatively the 
extent of depression, followed by regeneration and redistri- 
bution of bone marrow function after large field radiotherapy 
in patients with lymphoma, and (b) establishing the extent 
of extramedullary haemopoiesis in pancytopenic patients 
and hence deciding on the advisability of splenectomy in 
such patients. 

Summarized results and conclusions from all studies 


such images is outlined, together with the relevant theoret- 
ical algorithms, namely the convolution and back projection 
mathematics incorporated within the SNARK 75 package. 

"The success of the reconstruction is discussed in terms of 
spatial and density resolution and the associated sampling 
intervals. 

‘The advantages of setting up a simple locally built re- 
construction facility are outlined. 


were presented. 





Book review 


Percutaneous Transluminal Angioplasty. By G. J. van Andel, 
pp. 166, illus., 1976 (Excerpta Medica, Amsterdam-Oxford, 
American Elsevier Publishing Co., Inc., New York), $19.25. 
(D#.50.00), 

The first few chapters in this book, describing the 
anatomy of the arteries of the pelvis and legs, the pathology 
and clinical signs of peripheral atherosclerosis are not 
particularly interesting but as the text progresses the interest 
quickens rapidly. There is an excellent chapter, very well 
documented, discussing the therapeutic options in chronic 
arterial occlusive disease and this is followed by a detailed 
description of transluminal. angioplasty, starting with the 
original simple Dotter procedure and proceeding to all the 
refinements in technique which have been added sub- 
sequently, including recanalization of the iliac arteries. The 
indications and contra-indications for the method are dealt 
with exhaustively and the complications are not ignored, 

The nub of the work, however, lies in the last two chapters 
in which, with commendable honesty, the author gives the 
results in his personal series and evaluates the various pro- 
cedures. The results are in much too detailed form to be 
summarized here but the main conclusions, as would be 
expected, are that stenoses are easier to deal with than 
occlusions and that the shorter the occlusion, the easier it is 
to treat. 

The text is clear and well written. This book is essential 
for anyone wanting to evaluate the Dotter procedure. 

J. D. Dow. 


158 


Obituary 


FEBRUARY 1978 


George Simon, M.D., M.B., B.Chir., D.M.R.E., F.R.C.P., M.R.C.S., L.R.C.P,. 


F.R.C.R. 


Dr. George Simon died on September 30, 1977 leaving a 
vacant place in the teaching of radiology far, far, larger than 
his modesty would acknowledge. The students, not only 
radiological, to whom he gave tutorials throughout his career 
at St Bartholomew's and the Brompton Hospital, and for ten 


years thereafter at Hammersmith, King's, the National 
Heart, Northwick Park and University College Hospital, 
have lost an irreplaceable friend. Each of us who had the 
privilege and fun of knowing him began with gratitude for 
his interest; we were stimulated by his intelligence and 
amused both by his sudden wit and his unique and un- 
selfconscious ways; we soon loved him because he con- 
cerned himself for us all the time. 

He is irreplaceable, but of such vivid and strong presence 
that everyone who knew him will always be able to recall his 





smile, his argumentative challenge and his voice. There are 
many George Simon stories. One that may be remembered 
here was his ambition for the future, privately expressed a 
year or two before he retired. ‘Going to be a butler”, he 
said. ‘Very useful people", and with that in mind he went on 
serving and guiding the young until his death, 

To George Simon's teaching, which included the author- 
ship of a number of very useful books running to several 
editions—Surface and Radiological Anatomy, X-ray Diag- 
nosis, Principles of Chest X-ray Diagnosis, Principles of Bone 
X-ray Diagnosis, must be added his achievements in original 
scientific work, especially his many publications on radiology 
of the chest. His original work was so good because it was 
always based upon the closest attention to pathological 
changes found in the specimen and was par excellence co- 
operative with physican, surgeon and pathologist. Perhaps, 
indeed, his greatest contribution of all to British radiology 
lay in the way he showed us how to work with clinicians 
rather than in isolation. 

He first became Clinical Assistant to the X-ray Depart- 
ment at Bart's in 1927, Chief Assistant in 1928 and half-time 
Assistant Radiologist (Consultant) in 1946. During the late 
1940s British radiology suffered in many teaching hospitals 
from a lack of respect based, by and large, upon failure to 
understand the clinical background that led to its daily work. 
George knew that what was wrong was a lack of communica- 
tion. For a year or more he lambasted the physicians and 
surgeons with the phrase that then characterized for him the 
whole unsatisfactory situation. ‘No clinical co-operation !" 
It was dictated and sent off as a report. 

Then he changed his tactics, taking the battle into the 
wards away from the X-ray Department itself, realizing that 
only by example could he make radiology more relevant by 
discussing face to face the indications for an X-ray examina- 
tion and the interpretation of the findings. From then until 
his retirement in 1967 he spent part of every day with a 
succession of clinical firms and was to be seen, a large bundle 
of X-ray envelopes under his arm, hurrying to his scheduled 
meetings, always bustling, very rarely late. His comments 
and questions at these meetings were not only very helpful 
in the management of the patient concerned, they often also 
defined where we were ignorant and thus led to clinically 
useful research. 

George Simon had an international reputation and travel- 
led extensively in the United States, lecturing and listening. 
He was a very great and famous man, and to this must be 
added as a kind of crowning glory that every enquiry "Do 
vou know George Simon?" of whomsoever it was made and 
in whatever country, when answered, as always, "Yes", 
provoked an accompanying smile. 

We, his colleagues, knowing the unselfishness of his 
friendship can imagine how his wife and children must miss 
him, but they must be very proud of him too, 


G. H. pt 








BouLay. 
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Forthcoming events and other notices 


The Editors have decided that owing to the extreme shortage of space in The British Journal of Radiology, 

the "Forthcoming events and other notices" section will in future only carry notices of general interest and 
announcements of meetings specifically connected with The British Institute of Radiology and its associated 
bodies, Members, however, will be receiving future meeting announcements, space permitting, in the B.LR. 
BULLETIN which is distributed quarterly to all members. 


‘Tre "'igonv AND Practice OF Dara Display 
A joint meeting of LLE.RE/LE.E./H.P.A/BARJE.T.A., 
will be held on February 13, 1978 at The Royal Institution, 
Albermarle Street, London, W.1. 
Information and registration from The Meetings Officer, 
LERE., 99 Gower Street, London WC1E 62Z. 


RapioBiot.oGy MEETINGS 
‘The following meetings are scheduled: 
"Nork-in-progress", February 17, 1978; 
"Recent advances in hyperthermia research", May 18, 
1978, 
Further information from the General Secretary, B.LR. 
(01-935 6237). 


CARCINOMA OF THE BLADDER 
A joint meeting of the Royal Society of Medicine (Section 
of Radiology), The British Institute of Radiology and the 
Roval College of Radiologists, will be held on February 17, 
1978 at the R.S.M., London, W.1. 
wo from the R.S.M., 1 Wimpole Street, London, 
WL 


COMPARISON OF DIAGNOSTIC TECHNIQUES FOR THE 
CHEST AND MEDIASTINUM 
An evening meeting will be held on March 16, 1978 at 
The British Institute of Radiology, 32 Welbeck Street, 
London WIM 7PG. 
Details and registration from the General Secretary. 


BLR. ANNUAL CONGRESS JOINT MEETING AND SCIENTIFIC 
; ExmIBrTION 1978 

‘The Annual Congress will include a joint meeting with the 
Royal College of Radiologists, the Royal Society of Medicine 
{Section of Radiology) and the Netherlands Society of Radi- 
ology and will be held at the R.LB.A., London, W.1. on 
Apri 13-14, 1978, Enquiries concerning the Scientific 
Exhibition should be addressed to Dr. J. Pemberton, St. 
‘Thomas's Hospital, London, S.E.1 (01—928 9292). All other 

details from the General Secretary. 


The "SILVANUS THOMPSON MEMORIAL LEC- 
TURE?” will be delivered at this congress by Sir John Hill, 
Chairman U.K.A.E.A. 


SECOND CONGRESS or THe EUROPEAN SOCIETY OF 
NucLEAR MEDICINE 

The Institute and other UK members of the European 
Society of Nuclear Medicine will be hosts to this congress to 
be held in London, April 17-18, 1978, 'The meeting will in- 
clude a commercial exhibition, scientific demonstrations and 
technologists sessions. 

Further information from General Secretary B.LR. 


BLR. CONVERSAZIONE 
Will be held at Northwick Park Hospital, Middlesex on 
May 17, 1978. Dr. Louis Kreel will arrange demonstrations 
and give a talk ‘Introducing art into radiology". 
Details from the General Secretary. 


Hicu Dose RATE AFTERLOADING GYNAECOLOGICAL 
IRRADIATION AS AN ADJUVANT TO GYNAECOLOGICAL 
SURGERY: AN ASSESSMENT OF THE CATHETRON 

An evening meeting will be held on May 18, 1978 at The 
British Institute of Radiology (Reid-Knox Hall), 32 Welbeck 
Street, London W1M 7PG. 

Further details from the General Secretary, 


BzNiGN Bone DisEasg-RoLs or RADiOISOTOPE 
TECHNIQUES 

A joint meeting of the British Orthopaedic Association 
and The British Institute of Radiology, will be held on May 
31, 1978 at the Middlesex Hospital Medical School, 
London. Proffered papers are invited and titles and ab- 
stracts should be sent to Dr. P. J. Ell, Department of 
Nuclear Medicine, Middlesex Hospital Medical School, 
Mortimer Street, London WIN 8AA by March 1, 1978. 


4TH CONGRESS OF THE EUROPEAN ASSOCIATION OF 
RapnioLocv 
Will be held in Hamburg, W. Germany, on September 
2-9, 1979, 





Corrigendum 


"ertebral aspergillosis with preservation of the disc, 

by M. Rassa. (December 1977). 
Dr. Rassa has drawn attention to a misprint in his 
recent paper. On page 918, first paragraph, column 
1, line 10 should read “patient in whom the discs 


were spared.” 


We apologize for this error. 
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Book reviews 


Advances in neurosurgery-4. Lumbar disc. Adult hydrocephalus 92 
X-rays: more harm than good? 98 
Radiographic contrast agents 110 
Osteoarthritis of the hip 121 
Ultrasonics in clinical diagnosis 121 
Biological and environmental effects of low-level radiation 126 
Radiation and cellular control processes 131 
Percutaneous transluminal angioplasty 158 


Books received 


Receipt of the following books is acknowledged as a courtesy to the sender. These publications have been lodged in the 
Library of The British Institute of Radiology for the use of members. 

Activités Scientifiques et Techniques, 1976. Commissariat à l'Energie Atomique, Paris, France, pp. 238, illust. 

Commissariat al’ Energie Atomique- Annual Report, 1976. Paris, France, pp. 110, illust. 

Directory of on-going Research in Cancer Epidemiology, 1977. (LARC Scientific Publications No. 17). Eds: C. S. Muir, G. 
Wagner. Technical Ed. for IARC, W. Davis. pp. xii 4- 599 (Switzerland, World Health Organization), $10.00 Sw.Fr.25.00. 


ANSAFO 
á ats tem 
Eo o h Leena eer me L c a 


unique padding permits passage of 
X-rays Without showing on the plate 





A typical example of the use of 
Polyfoam is the provision of a 
warm and comfortable cover 
for an X-ray couch, thus 
saving patients from having 

to endure a hard, cold surface 
when being X-rayed. 


For further information write or 
telephone. 








HINDERS-LESLIES LIMITED progress 
Higham Hill Road - London- E17 6EJ through 
Telephone: 01-531 7172 (10 lines) plus Ansafone research 


{SN} Member of the SMITH & NEPHEW Group of Companies 
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B. Y. Mijnheer, J. Zoetelief and J. f. Broerse 
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Curve stripping of the third phase of the renogram in essential hypertension. 
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Tissue substitute material mix D". 
D. E. A. Jones 


Corrections for humidity. 
W. H. Henry 
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A rapid and precise 
surgical X-ray system 
with high-resolution TV 





The streamline design for the CGR Optascop 
increases the range of applications in surgical 
radiology. Easier manipulation and greater mobility 
by steering castors allow precise positioning from the 
simplified control panel. 

A complete mobile high-definition intensifier 


unit equipped with a TV camera and separate 


OPTASCOP trolley-mounted monitor. 
The dual focus x-ray tube with remote 


controlled collimator provides for radiography and 


from ape : 
fluoroscopy up to 100kV. The x-ray tube — intensifier 
] TV movements are motor driven. 
es Optional extras are dose reduction pulsed 
fluoroscopy, and taped memory facility. 
d "d op ` " . . n 
EA Full details and specification from 





CGR MEDICAL LIMITED 


Astronaut House, Feltham, Middx. Tel: 01-890 8166 


Rapid, two-step 
automatic elution 


Safe positive pressure system 


Easy to lift 
and handle 


Convenient, 
well-shielded eluate 
vial container 


Reliable performance and 
consistently high yields 
Effective shielding, 
minimizing radiation 
dose to the user 





Reliable service and 
supply. Despatched on 
any weekday 


Introducing our second generation generator 


. 4 
x 


The Radiochemical Centre Amersham 


The Radiochemical Centre Limited, Amersham, England. Tel: Little Chalfont (024 04) 4444 
In West Germany: Amersham Buchler GmbH & Co KG, Braunschweig. Tel: 05307-4693-97 


5 


Whichever way the figures are 
read, the White Paper offers very 
little cheer for the health and 
social services until 1981-2 
after the next election and far 
enough ahead for all predictions 
to be dubious anyway. 

In crude terms, the increase 
in the health and personal social 
services programme over the 
next three financial years will be 
marginally lower than the overall 


growth in public expenditure. 
Only in 1981-2 will the position 
be reversed, mainly because 
public expenditure as a whole 
will only increase then by 
around 1 per cent. In that year 
the hospital and community 
health services will get a 1.8 per 
cent increase. 


— from the Guardian 13.1.1978. 


In the meantime, perhaps we can help... 


TODD RESEARCH LTD 


ROBJOHNS ROAD 


[* CHELMSFORD CMI SDP 
TEL. 62233/7 TELEX 99327 


iii 






















* ae sn n 
^ * d =~,* * + kc * 
= 4 ota. Tee tee ee Fn 
Domo nt aot ^ 
xd 


sex ear 
somras 
» wt n 


* 

Pree r4 
LJ à 

. 








H Ferr 
^ * pee 
: ae 
* * " 
. * 
B ee a 
g a Mow ? : 
j . $. LE <6 : 
E eit rs . bs Tv. 
ae s+ : : 
* H ^o» bod. > be did 
"eros we * a4 . s bd * : 
Noo peor 7) . MN e 3% Hed 
me $^: : vi MM "TM 
i Pss ^ di * * ae ees & i H ` 
eee + + es a B Pee otn 
MO: * " "m oe ee ee F * Á 
Dos M M +>» v.n 
ag ANC * Led "esc HEP 
worst * Ed + EE EE 4e 
D +. *vBotsocitónawva js 
o w + peara ^ 
: E t eso rss AG 
WU nad $6 
VA L3 n i 
: tot . 
P Rus 
+. 2nd 
pa 
bo 


. > . "D * ; E 





There's far 
more to 


ILFORD... 








than meets 
the eye. 


You'll know them for their X-ray products. 





Yes, but that’s only part of the picture. 


Did you know they make Microfilm products for recording 
computer output and for image retrieval systems in banking and 
industry- even the security recording of the millions of football 
coupons returned each week. 

Pick up any newspaper or magazine and not only are 
ILFORD films and papers likely to have been used for the illustra- 
tions, but ILFORD Graphic Arts materials probably played a part 
in printing them on the page. 

Photographic products as diverse as Surveillance film 
used in banks and high-risk security areas, Nuclear Emulsions, 
Cibachrome Colour Printing materials for professionals and 
amateurs—all come from the international complex that is 
ILFORD. 

And they believe in after sales and technical service to 
support the full range. 


That's why we say there’s more to ILFORD than meets 
the eye. 





ILFORD 
X-RAY 


ILFORD Limited, Basildon Essex. 
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Modern radio-isotope techniques enable non-invasive 
vizualisation of ischemic areas of the heart... and 
processing the mass of data obtained is a task for a Philips 
Processing and Display System. In the colour video 
display, the two upper images show the heart in systole 
and diastole, acquired under ECG gating, while the third 
image, corresponding with the motion of the ventricular 
wall, is generated by a special program. If desired the 
user can also compose special programs - by simply 
linking existing sub-routines — and call them at any time by 
pressing the relevant program number 
Replay of the total study with 16 images at a time enable 
the optimal replay mode to be selected. Replay can be 
interrupted for the selection of regions of interest from 


which the computer calculates the time/activity graphs 
corresponding with the organ function 

This indepth evidence admirably illustrates the 
effectiveness of the Philips Processing and Display 
System in providing rapid quantitative and qualitative 
diagnostic information obtained during dynamic 
investigation in nuclear medicine 

The system employs a Philips mini-computer with à 
32k 16-bit memory which, together with disc-operated 
software programs, provides considerable processing 
speed and flexibility. Furthermore, it has been designed 
specifically for use by medical personnel and program 
execution requires no specialized knowledge of data 
processing techniques 


1 Direct access to disc-stored 
programs covering a complete range of 
routine examinations is by means of ergo- 
nomically grouped key arrangements; the 
results being immediately displayed on the 
30 cm black- and- white video monitor 
The system can be extended with a 

colour monitor. Frequently used 
procedures can be combined to form new 
programs. In cases where a single key 
offers the choice of more than one routine 
the program assumes a 'question-answer 
mode enabling the operator to make à 
suitable choice. Incorrect operation is not 
possible. If a non-acceptable procedure 

is inadvertantly selected, the keyboard is 
immediately blocked and an 'error 
condition displayed on the monitor 

2 Software programs, including 
standard as well as improved routines, are 
introduced via the system's built-in 


PHILIPS 


compact-cassette recorder. This facility 
also enables results to be recorded for 
eventual image playback and appraisal 

3 FORTRAN IV option. The capability of 
Philips Processing and Display System can 
also be extended to solve special problems 
In such cases data can be pre-processed 

in the convenient PDS way and further 
analysis carried out using the FORTRAN IV 
option. Programs can be written in 
FORTRAN language by the user and results 
monitored on the PDS display or printed 
out on the same terminal that is used to 
enter or retrieve the FORTRAN program 


Part of a complete program of nuclear 
medicine equipment and systems, and fully 
supported by an international service 
organisation, the Philips Processing and 
Display System represents the perfect 
integration of operational simplicity and 


2 





efficiency with applicational flexibility and 
reliability 

/COUPON ^ 
| If you would like further evidence 


on Philips Processing and Display | 

| System, or on any other equipment ir | 
our nuclear medicine programme 

| complete this coupon and send tc | 

| Philips Industries Medical Systems | 
Division, Building QM, Room 326 

| Eindhoven, The Netherlands | 


Company 
Name/Position 


City/Country 


\ streetip O. Box / 


Pid nium muni dips Rom ig sem ae summ d 
Philips Medical Systems 
A Division of Philips Electronic and Associated 
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GEC Medical's new Series 2 is the most recent 
development in specialised mammographic 
equipment. And its all-round excellence is the 
outcome of a long and close association with 
clinicians involved daily with practical 
mammography. So here, in fact, at economical 
cost, is probably the most practical and helpful B 
method of mammography yet produced. p Y 
You'll certainly find it worth looking into. 





SEC 


Medical Responsible technology 


GEC Medical Equipment Limited 
PO Box 2 East Lane Wembley Middlesex HA9 7PR England 
Telephone: 01-904 1288 Telex 922177 Cables: Skiagram, Wembley 











THERASIM 750 


UNIVERSAL SIMULATOR 
for use with Cobalt Teletherapy i 
; i Atomic Ener 
Units, Linear Accelerators and of ritieni o7 
Brachytherapy. 


Now available - ASK US! Sommarcial Products 


P.O. Box 6300, Ottawa, Canada, K2A 3W3 
Tel. 613/592-2790 * Cable Nemota * Telex 053-4162 


77.8M 


EMISONIC 


4260 


SYSTEM 





* Compact hand-held probe 


~ with small contact area giving flexibility 


and excellent angular orientation. 


* Sector scan with choice of 90? or 180° 
sectors. 


* Allows fast, accurate search examinations. 
* Vibration free, noiseless probe. 


* High resolution "frame grab" facility with 
simultaneous four picture display. 


* Digital caliper. 


* |nterchangeable probes. Choice of 2.5 MHz, 
3.5 MHz frequency. 


* Variable rotational speed allowi 


ng 
optimisation of resolution and observation of 
movement. 


MECHANICAL 
REAL TIME 
SECTOR 
SCANNER 


The EMISONIC 4260 provides an adjunctive real-time capability for the 
NE4102, or the NE4200 Diasonographs and EMISONIC 4200 series 
ultrasonic scanners 
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NUCLEAR ENTERPRISES LIMITED 


NUCLEAR ENTERPRISES LTD 
Sighthill, Edinburgh, EH11 4EY Scotland, Tel O31 -4434060Telex72333 Cables Nuclear, Edinburgh 


USA—EMI Medical Inc. Northbrook, Illinois 
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pocket 
| dosimeters 


7on the spot 
detection and 


measurement of 
gamma radiation 


ACCURATE 
ROBUST 
RELIABLE 


we serve the world through our agents 
R:-A:‘Stephen 


AND COMPANY LIMITED 
Ailes Road Mitcham CRA 3YP Tel 01-648 1668/9 
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All enquiries for space should be addressed to: 


Advertisement Department 

The British Journal of Radiology 
24a Litchfield Street 

London WC2H 9NX 

Tel. 01-836 5281 

Telex 265972 
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Required: Second hand 
Kodak Continuous Roller Film 
Dryer in good working 
condition. 


Contact: Assiut University 
Hospital, Assiut, Egypt. 








THE UNIVERSITY HOSPITAL 
SASKATOON, SASKATCHEWAN 


WANTED—DIAGNOSTIC 
RADIOLOGIST 


Position Available: Academic Position in 
Diagnostic Radiology 


The Department requires a tenth staff radiologist. 
The applicant should preferably hold the 
Canadian fellowship, or be fellowship eligible, 
and should have academic interests and be 
willing to teach. The University rank will be at 
feast at Assistant Professor level, with a 
competitive academic salary. The position 
becomes open July 1, 1978 when the 
Department moves into a $40 million hospital 
addition, complete with a new G.E. head and 
body scanner, Experience in special procedures, 
ultrasound and/or C.T. scanning would be 
useful, as any candidate accepted will have an 
opportunity to pursue special interests in at least 
one of these fields. 


Enquiries and applications should be sent 
atonceto: Dr. H. F. Kent, Head Department 
of Diagnostic Radiology, University 
Hospital, Saskatoon, Saskatchewan 

S7N OWS 
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THE MONTREAL GENERAL 
HOSPITAL 


Diagnostic 
Radiologist-in-Chief 


This will be a challenging senior appointment 
with appropriate academic rank at McGill 
University. The prospective candidate should 
have his basic training in Diagnostic Radiology, 
preferably with a clinical background. His 
clinical duties would be in the area appropriate to 
his specialty, but he would have the 
responsibility for the administration of the 
Department, which includes the Divisions of 
Nuclear Medicine and Ultrasound. 





This is a geographic full-time appointment with 
appropriate base salary and increments. 


be forwarded to: 

H. Bruce Williams, M.D. Chairman, Search 
Committee for Diagnostic-Radiologist-in- 
Chief, The Montreal General Hospital 
Council Office - Room 639 1650 Cedar 
Avenue, Montreal H3G 1A4, Quebec, 


Applications with curriculum vitae should | 
| 
| 
Canada | 
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The new portable real-time ultrasound 
scanner from Kontron Roche 


seti peine rin 


e Built to a unique design, offering all the facilities 
you require for obstetric and general abdominal scanning 
e Truly portable design makes it very easy to use in 
ante-natal clinics and other departments within hospitals 
e Simple operation facilitates routine obstetric investiga- 
tions with the minimum of fuss e Fetal maturity 
estimations can be established quickly using the integral 
electronic calipers which automatically reproduce an 
on-screen digital display. @ Results are permanently 
recorded with the built-in camera e The excellent 
grey-scale display shows moving structures up to 25 cm 
deep. œ All our customers are backed by a national 
24 hour Kontron Roche service 


WG (nontron 


serving hospitals throughout 
the world 





or further information, please complete the 

coupon below and post to Dr. Hargreaves, 
Kontron Instruments Ltd., P.O. Box 188, 
Watford WD2 4YX or telephone Watford 
(0923) 47666 


Please contact me to arrange a demonstration 
of/send me further information about/ 
the Axiscan 5. 


POSITION . 
ADDRESS. ro sa acua 


TELEPHONE.. 


ree-way t1lexibility in ct scanni 
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of interest 














GU raph 
cinriara 
Wu grapny 


Your kit starts with any of our three simple one-step preparations 
which combined with our new Sterile Technetium-99m Generator offers 
a complete package for liver, lung, bone and brain scintigraphy. Later 
we will be adding more kits to our range. 

All our kits are tested extensively in clinical trials which include 
the use of other technetium-99m generators as well as our own. All are 
terminally sterilized and every batch is animal tested. 


Agent for Bone Scintigraphy 
Our Technetium (MDP) Agent gives you the best skeletal visualization 
available today. The high bone uptake and rapid clearance from blood 
and soft tissue makes this superior to other bone agents giving better 
definition and improved discrimination. 










New Agent for Lung Scintigraphy 

Our new Technetium (MAA) Agent offers P 
detailed lung visualization, with no interference | 
fromthe liver. Particle size is strictly controlled with 
the majority in the range of 10-80y. 


New Agent for Liver Scintigraphy 


The latest addition to our 
range isthe unique Technetium 
(tin colloid) Agent. Its preparation 
is much simpler than sulphur 
colloid agents and requires no "twn 
heating stage. It will visualize liver : — P 
and spleen and unlike agents h 2i 
based on phytate, the colloid is 
formed in the vial, allowing 
quality control checks prior to 
injection. 


- 
ve 
The Radiochemical Centre 
Amersham 


The Radiochemical Centre Limited, Amersham, England. Tel: Little Chalfont (024 04) 4444. 
in W. Germany: Amersham Buchler GmbH & Co, KG, Braunschweig. Tel: 05307-4693-97. 


xvi 


Cancer 
in Children 


Clinical Management 


Union International Contre le Cancer / 
International Union Against Cancer 


Editors: H. J. G. Bloom, J, Lemerle, M. K. Neidhardt, 
P. A, Voûte 


121 figures, 70 tables. XH, 317 pages. 1975 
DM 34,50; US $15.30 
ISBN 3-540-07261-6 


Distribution rights for Japan: Maruzen Co. Ltd., Tokyo 


Statistics show that cancer is the second most frequent 
cause of death in children. Yet physicians often lack expe- 
rience in treating cancer because they see so many more 
cases of other, usually less dangerous illnesses. 

This book was therefore written for physicians, whatever 
their speciality, who have to treat children with cancer. 

tt offers a practical guide to diagnosis and treatment, and 
sets out to answer general questions on etiology, epidem- 
iology, pathology, and therapy, as well as discussing the 
relative merits of surgery, radiotherapy, and chemo- 
therapy. The special features of tumours in the various or- 
gan systems of children are discussed in detail, namely 
tumours of the CNS, eye and orbit, sympathetic nervous 
system, bones and connective tissue, kidneys, skin, liver, 
and lymph tissue, 


Contents: 

Aetiology and Epidemiology. — Pathology. — Surgery 
(General Principles). -- Radiation Therapy. — Cancer 
Chemotherapy. ~ Infections in Children with Malignant 
Disease. — General Care. — Clinical Presentation and Di- 
agnosis. — Facilities for Paediatric Cancer Cases and 
Children's Tumour Registration, — Tumours of the Cen- 
tral Nervous System, — Retinoblastoma, Other Tumours 
of the Eye and Orbit. — Tumours of the Sympathetic 
Nervous System. — Leukaemia. -- Malignant Lymphomas. 
^ Burkitt's Sarcoma, — Histiocytosis. — Bone Tumours. — 
Soft Tissue Sarcomas. — Teratornas in General and 
Tumours of the Reproductive Organs. — Tumours of the 
Kidney. — Skin Tumours. — Liver Tumours. — Tumours 
of Head and Neck, — Miscellaneous Tumours, 
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RADIOLOGIST— 
IRELAND 


Location: General Hospital, Letterkenny, 
Co. Donegal. 
Period: initial assignment of 12 months, 


starting as soon as possible. 
Basic Salary: £9,877 per year. This basic salary 
can be supplemented by the 
extensive private practice 
available. 
Bona fide candidates will receive generous 
travel allowances in attending for interviews. 
The Board will give every assistance to the 
succesful candidate in arranging for removal, 
accommodation etc. 
This is a modern 200 bed general hospital. The 
new X-ray Department is staffed by two 
Radiologists and five Radiographers, and 
equipped with the most up-to-date instruments 
and facilities. Work on a £4 million extension to 
the hospital will commence shortly. 
Further information is available from, and 
application can be made to: 
Mr. K. J. Hickey, 
Hospital's Manager, 
North Western Health Board, 
Manorhamilton, Co. Leitrim, Ireland. 
(Telephone: Manorhamilton, 123) 








CALGARY CANCER CLINIC, CALGARY, 
ALBERTA, CANADA 


RADIATION ONCOLOGIST 
The Provincial Cancer Hospitals Board invites ap- 
plications for the position of Radiation Oncologist in 
the Calgary Cancer Clinic. The Clinic serves the 
southern half of the province of Alberta as a large 
out-patient facility working in conjunction with all 
Calgary hospitals. The Clinic has a Theratron 780, 
an Eldorado 8 cobalt unit, deep X-Ray and superficial 
X-Ray unit. A 6 MeV linear accelerator is being 
installed. The clinic has complete isotope, diagnostic 
radiology, medical physics and clinical laboratory 
facilities. The Planning Department has a dedicated 
computer and a complete mould room facility is now 
being developed. Machine and electronic shops 
provide an excellent support service. 
Construction of a new clinic has begun on the same 
site as the Medical School and a major Calgary 
hospital. The appointee will be expected to take part 
in the teaching programme of the University and 
engage in research projects, both clinical and labora- 
tory. 
The salary is negotiable depending upon experience, 
qualifications and ability. There is a superannuation 
programme, relocation allowance, group life in- 
surance and other employer assisted fringe benefits. 
Candidates must have or be willing to obtain the 
Canadian Fellowship as well as be qualified for 
registration with the College of Physicians and 
Surgeons of the Province of Alberta. 
Please direct applications or inquiries to: Dr. lan 
Scott Brown, F.R.C.S.E,, F.R.C.R., Director of Radi- 
ation Oncology, Calgary Cancer Clinic, 2104—2nd 
Street S. W., Calgary, Alberta T2S 155 Canada. 


















Clinac 


A Radiotherapy 





6/100 


Accelerator First! 
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The Clinac 6/100 Medical Linear Accelerator is a first in low-energy 
radiotherapy equipment. A product of Varian advanced accelerator tech 
nology, its fully rotational 100 cm source-to-axis distance, 6 MV 
straight-through beam eliminates the need for complex beam-bending | 
systems. The result is a precise, stable treatment beam. 


An important evolution in 
the low-energy Clinac line, the nM 
Clinac 6/100 has the most VA dii 
advanced features including 
dual dosimetry, gantry-mounted 
digital display, and auto- 
mation compatibility. 


A bold new design based on 
proven performance, the 
Clinac 6/100 uses key 
subsystem designs perfected 
and proven reliable through 
nine years of clinical 
experience in the highly 
successful Clinac 4. 





As with all Clinacs, the Varian Clinac 
6/100 is backed by the world's largest 
linear accelerator field service organiza- 
tion. Write or call today for full details. 
Medical Group, Varian Associates, 

611 Hansen Way, Palo Alto, CA 94303. 
Tel: (415) 493-4000. 








If you had a fiat near 
you wouldn't need the 
Echoview system 80C 





However, like the majority of internal organs, 
you are dealing with 3 dimensions and a multitude 
of sizes and positions. 

That is why a variable system is necessary in 
echocardiography. And the most valuable system is 
DSA (Depth Selective Amplification), which enables 
the operator to select optimum gain for every 
position of the cardiac structure. 

For further information and literature 
on the Picker Echoview 80C or other Ultrasound 
systems, please contact GEC Medical. 
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| Medical | Responsible technology 


NUCLEAR, THERAPY 
& ULTRASOUND DIVISION 


GEC Medical Equipment Limited 
PO Box 2 EastLane Wembley Middlesex HA9 7PR England 


Talanhana: 14.004 1982. Talav: 029177 Cahle«s: Skianram Wemblev 
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Paediatric patients range don new-born babies to 
adolescents. 


That is why the DIAGNOST 73P paediatric system has been 
designed to cope with children from 0 to 90. 


Based on the DIAGNOST 73 universal diagnostic system, the 
DIAGNOSTIC 73P is provided with quick-change positioning 
Supports for babies and young children, as well as special supports 
for pneumo-encephalography and urology. 


In addition to its wide range of paediatric examinations, the 
DIAGNOST 73P converst in minutes to a versatile diagnostic 
system for examinations in older children and adults: there is no 
need to invest in a second stand for the large children, and the 
DIAGNOST 73P offers full facilities for the busy general X-ray 
department. 


PHILIPS ÆN] Systems 


Write for further information to Philips Medical Systems, Eindhoven, The Netherlands 
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True ualities that THe dependable qualities and wide scope of 'Conray 
q contrast media have been clearly demonstrated throughout 
| : many years of use in the field of radiodiagnosis 
COI | je as ad reve ation 'Conray' offers a choice of formulations designed t« 
provide wide margins of safety and comfort for the 
patient together with optimum visualization in a 
comprehensive range of procedures and techniques 


Co ] ; f e 'Conray'* contrast media are formulations of meglumine 
iothalamate, sodium iothalamate or combinations of 


the two 


*trade mark of Mallinckrodt Inc 
Further information is available in the data sheet 


May & Baker Ltd Dagenham Essex RMIO 7XS 
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Ireland 


There are vacancies for 


Radiologists 

under the following Health Boards 

(a) North Eastern (1 post), (b) Mid Western (1 post) (c) North Western (2 posts) 

Salary: £9,877 with certain private practice. 

The person appointed to postat (b) may, if offered it, hold a teaching appointment under University 
College, Cork. 

Essential: FFR orequivalent and five years’ experience in Radiology. 

In the case of the vacancies at (a) and (c), the Health Boards will provide accommodation for the 
successful candidates, Alternatively, if the candidates choose to buy their own houses, assistance with the 
cost of removal expenses will be provided. 


in certain circumstances part-payment of travelling expenses, incurred in attending for interview, may be 
made. 


Where appropriate the results of any of these competitions may be used to fill additional vacancies. 
Latest date for receiving completed application forms: 





30th March, 1978 

Application forms etc. on request from, 
Secretary, Local Appointments Commission, 
1 Lower Grand Canal Street, Dublin 2. 
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TARANAKI HOSPITAL BOARD—NEW ZEALAND 


THERAPEUTIC RADIOGRAPHER 


Applications are invited for the position of Therapeutic Radiographer in the Department of 
Radiotherapy and Nuclear Medicine at the Base Hospital in New Plymouth, New Zealand. 
The prime duties of the appointee will be to operate the cobalt and X-ray units in the 
Department which is housed in a new section of the Hospital and is equipped also with 
radium sources and has access to unsealed Radionuclides. 

Expected salary range N.Z. $5,879/7,478 plus allowances of 796 and 3:496 depending 
upon qualifications and experience. Temporary accommodation for a female appointee 
can be arranged. 


The Board serves an area with a population of 100,000. New Plymouth is a coastal city 
of 40,000 and educational, cultural and sporting (from surfing to skiing) facilities 
appropriate to such a community are readily and economically available. 


Conditions of appointment and application form and details of travel assistance are 
available on airmailed request from the Secretary, Taranaki Hospital Board, Private Bag, 
New Plymouth, New Zealand with whom applications close on 29 March, 1978. 
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WE MANUFACTURE 


contrast 


MEDIA 


products 


known 


WORLD-WIDE 
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name isn 


GUERBET 
BETTER CONTRAST MEDIA THROUGH RESEARCH 


Laboratoire Guerbet, 16/24, rue Jean-Chaptal 
93601 AULNAY-SOUS-BOIS Cedex - FRANCE 
Telex : Guerbet 690682 





Precise localization and 
simulation fo 


PHILIPS 


The Philips localizer/simulator can match 
precisely the settings of any type of megavoltage therapy 
machine from the smallest cobalt unit operating at 60 cm to the 
largest linear accelerators or betatrons with source to isocentre 
distances up to 130 cm 

The conflict, common to all simulators, between image size 
and free movement has been solved in the Philips unit by using 
a relatively small image intensifier arranged to scan an area 
of 59 cm square - larger than the biggest stationary intensifier 
can cover. Moreover, since the image intensifier weighs much 
less than a large stationary intensifier the gantry can be of 
lighter construction, without loss of accuracy. In fact the 
superb mechanical engineering ensures isocentric accuracy of 
3 1mm. If you have a Cobalt 60, Betatron or linear accelerator - 
install a Philips Localizer/Simulator and experience inprove- 
ment in treatment preparation 


N.V. Philips’ Gloeilampenfabrieken PHILIPS Medical 
PCP/Medical Systems Division 
Building OM, Eindhoven, The Netherlands Systems 


Philips Medical Systems 
A Division of Philips Electronic and Associated Industries Ltd 
45 Nightingale Lane, London SW12 8SX 





Unnecessary 
exposure! 


Protect the patient, radiologist, X-ray 
personnel against unnecessary exposure to 
radiation- with the Diamentor-D 





Control and monitor radiation KEY FEATURES 


exposure using the 
DIAMENTOR-D Diagnostic 
Dosemeter a unique and proven 
instrument. The DIAMENTOR-D 
fully meets the requirements for 
training establishments 
recommended by the Dept. of 
Health in its 'Code of Practice 


Measures tota iré 
exposure to patient 
units R. cn 
Radiographic ar 
screening exposurt 
integrated 
No disturbance 


for the protection of persons patient or Radiologist 
against lonizing Radiations Audible indication f 
arising from medical and Dental exposure rate 
use’ 1972, Section 3. 5. 8. Incorporates digital display 








| Please send more information on your 
Diagnostic Dosemeter - the DIAMENTOR-D. 
/ A RADIATRON | 
COMPONENTS LTD Name — 
A S | Position 
Crown Road, Twickenham, Middlesex | Organisation 
TW1 3ET. Telephone: 01-891 1221 | Address |... 
| P.O. Code 
| Telephone E 
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Kodak representative. 


out the year radiographers and radiologists can enter in any way they can 
any one of a range of courses in radiographic image The Professional Equipment Service Department 
recording techniques, where the theme of quality control A country-wide network of Kodak technicians who are 
is demonstrated and discussed in full equipped to provide a fast and efficient service for 

The Kodak Processing Design Service Your Kodak equipment 
problems of re-designing your processing areas —ot Your Kodak Technical Sales Representative 
planning entirely new facilities —can be looked at, can open the door to all the Kodak facilities that are 
ind probably solved, by a Kodak specialist waiting to back-up your own professional service 

The Kodak Sales Centre in your Region, to the public. 


where a team of Kodak people are ready to help you 


Kodak.We care about your image. Kodak 





The generator [= pes 
at your fingertips. un 
Thanks to S= 
the modular principle. 





m modular means made to measure 


J| The Philips Modular Generator series gives you full control of 


your generator w 


hile attending to the patient being examined. 


Controls for the Modular Generator are integrated in the DIAGNOST 73, 
within your natural reach so that you can select the appropriate parameters 
for every routine examination yourself. This system of anatomically 


programmed radiography leaves 


you free to concentrate on the patient, while 


retaining full control over the generator. 


The modular construction allows 


the installation to be designed to meet your 


specific requirements, and to be extended as your department grows. 
Modular means made to measure 





PHILIPS 





1. All controls are, of course, duplicated on the generator desk 


2. + 3. For bucky work on the DIAGNOST 73, or an 
additional unit, the generator desk incorporates 
additional controls for anatomically programmed 
radiography. You are free to distribute the settings you 
require over the available push-buttons in whatever way 
you like 


4. The generators incorporate automatic kV and mA 
control ensuring bright, evenly illuminated fluoroscopy 
pictures. If necessary, you can override the automatic 
settings for special fluoroscopic techniques. 


For further details contact Philips Medical Systems, 
Eindhoven, The Netherlands, or Philips Medical Systems 
Ltd., 45 Nightingale Lane, London SW12 8SX. 
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WANTED ANNOUNCEMENT 


DIAGNOSTIC The International Skeletal Society announces 
R ADI o LOG IST The Fifth Annual Refresher Course, September 


1-3, 1978, at the Boston Sheraton Hotel, 


required for group in large western Canadian Boston, Massachusetts, U.S.A. Fee $175.00; 
city. Training in ultrasound, mammography and $125.00 registrars. A chartered flight will leave 
Nuclear Medicine an asset. Private clinic London, England, Thursday, August 31, 


and return Thursday, September 7, 1978. Special 
room rates are available. Contact: Woodcock 
Travel Ltd., 25-31 Wicker, Sheffield, 

Yorkshire, England. 


practice and hospital affiliation. Please reply to 
Box No. 7, British Journal of Radiology, 
32 Welbeck Street, London W1M 7PG. 


m — nnd 

















12th INTERNATIONAL 


CANCER CONGRESS 
Buenos Aires 5th-11th October 1978 


"Diagnostic Radiologist'' 


in modern equipped 500 bed hospital in the Nether- 
lands position available for a well qualified radi- 
ologist for a 6-12 months period. Salary Dutch Special Group Travel arrangements are available 
guilders per month 10,000 — Submit application in co-operation with the official airline, 
Aerolineas Argentinas. 

For further details apply to : 


; imit 
Box No.8, The British Journal of Radiology vy eoseistr a 


32 Welbeck Street, London W1M 7PG London EC2A 4BX 
Tel. No. 01—628 6060 ATOL No. 373B 


with curriculum vitae to 
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WAIKATO HOSPITAL BOARD 


WAIKATO HOSPITAL - HAMILTON 
NEW ZEALAND 











Full-time radiologists required to fill vacancies in the Department of Diagnostic Radiology. One of these vacancies 
has been created by the appointment of the present incumbent to the Dunedin Chair of Radiology, and the other by 
the increasing volume of ultrasound imaging being undertaken. It is necessary therefore that successful applicants 
possess practical expertise in Diagnostic Ultrasound as well as in all vascular catheterisation procedures. The 
department serves a 1,000 bed active general hospital, acting as the base unit for 250,000 people. All specialities are 
catered for, and it is anticipated that a C.T. scanner will be in service within the next five years. Hamilton city is the 


———————— ee a, jE EE irn Aie iS 


centre of a rich pastoral and agricultural province, has ready access to all facilities for summer and winter sports, and 
possesses excellent schooling and university facilities. 


The position is of specialist status and the salary scale is in the range of $17,060/$22,161 plus $365 Cost of Living 
allowance plus 3.5% Special Adjustment. The commencing salary within the scale will be set by the Medical 
Officers Salaries Grading Committee according to the qualifications and experience of the appointee. 


Further information about these positions should be obtained from the Medical Superintendant, Waikato Hospital, 
Private Bag, Hamilton, New Zealand. Application forms and conditions of appointment may be obtained from the 
Chief Executive, Waikato Hospital Board, P.O. Box 934, Hamilton, New Zealand, with whom applications close on 
10 March 1978. 








Cathetron 
Remote loading 
Intracavitary unit 
using Cobalt 60. 


The Cathetron has now been in clinical use 
for over a decade and is used by well over 
30 hospitals in nearly 20 different countries. 


Use of the Cathetron gives full protection, 
from radiation hazards, to all staff and 
reduces treatment time to minutes, thus 
ensuring that the Catheters stay in their 
correct location. These short treatment 
times mean that many patients can be 
treated as out-patients and therefore need 
not take up valuable bed space. 


The Cathetron is used for surface mould 
treatments; treatments of the oesophagus 
and bronchi as well as gynaecological 
cases. 


[T|[E]|M| Instruments Limited 


Gatwick Road, Crawley, Sussex, RH1O 2RG, England Tel 0293 31244 
Telex 87397, Grams TESTMENT CRAWLEY 
































RADIOLOGISTS 


ALL GRADES 


ALLIED INTERNATIONAL MEDICAL SERVICES LIMITED 


Urgently needed in Rotterdam now 


Salaries from £20,000 p.a. upwards 
Air fares paid 


Minimum 6 months terms 


3 weeks language course provided free 


Telephone Dr. D. Halliday today on 01—828 1266 for further details 











RADIOLOGIST 
NORTHLAND BASE HOSPITAL, 


mum HOSPITAL BOARD 
WHANGAREI, NEW ZEALAND, 


| Applications are invited from practitioners holding suitable postgraduate qualifications in diagnostic radiology for 
the above position, The Board would consider appointment on a whole-time or part-time basis and opportunities for 

| privateradiology existin the area. 

i The successful applicant would have a full opportunity to participate in the re-organisation and planning of the 
Radiological Services and a Senior Specialist with suitable experience would be eligible to take over as Head of the 
Department. 
This is 8 new appointment to facilitate an upgrading in the Board's Radiological Services bringing the number of 
specialists in the Department to three. Successful applicant would be expected to take part in the teaching and post- 
graduate work of the hospital. 
The Northland Base Hospital has 370 inpatient beds and provides a service in the main specialties for Northland 
where there are a number of subsidiary peripheral hospitals with a further 300 beds. 
Specialist Automatic Scale $17060/$22161 with access to additional steps. Transport expenses to New Zealand 
available. For further information, Conditions of Appointment and application forms, apply to — 
The Personnel Officer, 
Northiand Hospital Board, 
P.O. Box 742. 
WHANGAREI, 
NEW ZEALAND 
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Special Report Series 


Published by The British Institute of Radiology, 32 Welbeck Street, London WiM 7PG 


No.2 7heUseof Computers in Therapeutic Radiology 
(1966 International Conference) 70p 


No.3 The Design of Counting systems for Dynamic 
Studies and Uptake Measurements (1968) £2:40 (Members £1-70) 


No.4 Computers in Radiotherapy 
(1968 2nd International Conference) 50p 


No.5 Computers in Radiotherapy 
(1970 3rd International Conference) £9-00 (Members £6-00)* 


No.8 The Design and Installation of Efficient 
Fume-Cupboards (1974) 30p 


No.9 A Survey of Images of a Phantom Produced by 
Radioisotope Scanners and Cameras (1976) £2:50 


No.10 Treatment Simulators (Applications of Modern 
Technology in Radiotherapy) (1976) £1.80 


No.11 Guidelines for the Preparation of 
Radiopharmaceuticals in Hospitals (1975) £2-00 (Overseas Airmail £2:50) 


No.12 7he Planning of Radiotherapy Departments 
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£10:50 (case bound) 
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Although some large experimental projects of the last decade failed, successful applications of computer technology 
in diagnostic X-ray departments are becoming more common. 


The CARD Committee report discusses computer-assisted and other automatic reporting systems, diagnostic data 
collection, the computer-assisted scheduling of appointment and other management and planning tasks, as well as 
computer-assisted diagnosis. 


Each of the authors has practical experience in his own part of Europe of the field to which his chapter is devoted and 
the opinions expressed about merits, success or failure of different projects and systems are also based upon extended 
discussion over several years within the CARD Committee. 


The book is intended to be a guide for those who hope to benefit from the introduction of computer technology into 
diagnostic radiologists daily work. It does not deal with computed tomography or X-ray machine control, 


The CARD Committee is the advisory committee of the European Association of Radiology concerned with Computer 
Application in Radiodiagnosis. 
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Review article 


Classification and radiographic features of uterine malformations: 


hysterosalpingographic study 


By E. Zanetti, M.D., Liliana R. Ferrari, M.D. and G. Rossi, M.D. 
Department of Radiology, Istituti Clinici di Perfezionamento, Via Commenda 12, Milano, Italy 


(Received April, 1977) 


ABSTRACT 

A series of 13470 hysterosalpingographic investigations 
demonstrated congenital uterine malformations in 1160 
cases (8.6%). Uterus arcuatus and uterine hypoplasia, the 
latter ranking as a malformation on embryological grounds, 
together accounted for two-thirds of the cases, uterus 
unicornis unicollis and uterus bicornis unicollis together 
for over a quarter and the others, uterus didelphys, uterus 
bicornis bicollis and uterus septus/subseptus, for much 
smaller percentages. Each malformation is described and 
illustrated by typical hysterosalpingograms. 1n addition to 
its decisive importance in diagnosis, hysterosalpingography 
is also valuable in planning surgical correction in many 
cases, 


Our study of congenital uterine malformations is 
based on over 20 years' experience. 13470 hystero- 
salpingographic investigations disclosed 1160 mal- 
formations or 8.694, with the breakdowns as shown 
in Table I. 

Hysterosalpingography, at first used only in the 
study of tubal patency and function in sterility, is 
now regarded as a basic investigation in the diag- 
nosis of female genital tract diseases, for it reveals 





Copies of this article may be obtained from The British 
Institute of Radiology, 32 Welbeck Street, London WIM 
7PG at a cost of 55p; remittance with order please. 














TABLE I 
55 of all 
Cases Type of malformation malformations 
|- CORO E MGR 
158 uterus unicornis unicollis 13.6 
18 uterus didelphys 1.5 
16 uterus bicornis bicollis 1.4 
160 uterus bicornis unicollis 13.8 
400 uterus arcuatus 34.5 
22 uterus septus or subseptus 1.9 
386 uterine hypoplasia 33.3 
] 
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the site, position, morphology, size and configura- 
tion of the uterine cavity and tubes. Roentgen- 
cinematography completes the radiological pattern 
with data on the mobility of the uterus, distensibility 
of its walls, tone and motility of the Fallopian tubes. 

'The choice of contrast medium is still a difficult 
problem, despite the wide range of available pro- 
ducts. Two groups of radiopaque media at present 
hold the field: iodized oils and water-soluble organic 
iodine compounds. We prefer the former in the 
majority of cases. 


CLASSIFICATION OF CONGENITAL UTERINE 
MALFORMATIONS 
We propose the following classification based on 
the embryonic development of the uterus. 


1. Malformations due to arrested development of the 
Mullerian ducts 

'They occur during the first phase of embryonic 
development, £e. in the phase of craniocaudal 
growth of the Mullerian ducts. They may be (a) 
symmetrical or bilateral: uterine aplasia; (b) asym- 
metrical or unilateral: uterus unicornis unicollis. 


2. Malformations due to failure of fusion of the 
Mullerian ducts 

The malformations vary according to whether 
failure of fusion is total or partial: (a) uterus 
didelphys: resulting from total failure of fusion of 
the two ducts and characterized by the presence of 
two vaginae, two cervices and two uterine bodies; 
(b) uterus bicornis bicollis: resulting from partial 
fusion of the Mullerian ducts and characterized by 
the presence of a single vagina with duplication of 
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the cervix and uterine body; (c) uterus bicornis 
unicollis: characterized by the presence of one 
vagina, one cervix and two quite distinct uterine 
horns; (d) uterus arcuatus: the least marked degree 
of failure of fusion. 


3. Malformations from incomplete resorption of the 
sagittal septum 

(a) uterus septus, due to non-resorption of the 
sagittal septum, residuum of the primitive duality; 
(b) uterus subseptus, due to partial resorption of the 
septum, 


+. Developmental defects of the uterine cavity 

(a) uterine hypoplasia in the strict sense; (b) 
nfantile uterus with disproportion between body 
and cervix; (c) uterus with gaping cervix and 
sthmus; (d) pencil uterus; (e) star-shaped uterus. 


UTERINE APLASIA 
\plasia is the extreme degree of uterine mal- 
formation. [t 


can be suspected at gynecological 


examination through absence either of the vagina or 





Fic. 1. 


Pneumogvnegram : uterine and ovarian aplasia, 
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of the ostium; aplasia cannot be detected, for 
obvious reasons, by hysterosalpingography. It is 
revealed by air studies (Fig. 1). 


UTERUS UNICORNIS UNICOLLIS 

This malformation occurs during the first stage of 
the embryo through arrested development of one of 
the Mullerian ducts and is characterized by one 
cervix and a single uterine horn, from the tip of 
which the tube originates. The films present three 
features: (1) altered morphology of the 
uterine cavity, which appears as a fusiform opacity 
with a mainly longitudinal diameter; (2) lateral 
deviation of the uterus in the pelvis; (3) presence of 
a single tube. 


main 


A typical example of this malformation is shown 


in Fig.2: the normally-developed uterine horn is 





Fic. 2. 


Uterus unicornis unicollis. Note the markedly increased 


diam« ter of the cervi al & anal. 





Fic, 3. 


Uterus unicornis unicollis with marked hypoplasia. Dilata- 
tion of the cervical cznal 
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deviated to the right; the corresponding tube is 
patent. Urography, the 
common embryological origin of the urinary and 
genital tract, showed agenesia of the left kidney in 
this case. In addition to the spindle shape, there are 
other forms of uterine horn, such as the one shown 
in Fig.3, where the uterus is decidedly small and 
shaped like an elongated cylinder. A single-horn 
image on the film is not enough to rule out the 


mandatory because of 


presence of the other horn, which may exist but be 
rudimentary and uncanalized or lack an ostium, 
thus preventing passage of the contrast medium. A 
case in point is Fig.4: the X ray film shows a uterus 
unicornis unicollis with good tubal patency but 
laparoscopy demonstrated the presence of an un- 
canalized rudimentary contralateral horn. In this 
connection we cite the opinion of some workers to 
the that the 
developed horn may be an indirect sign of the 


effect medialization of normally- 
presence of a rudimentary horn in cases in which the 


latter is joined to the former in its upper portion. 


UTERUS DIDELPHYS— UTERUS BicorNis Brcorris 

These malformations, caused by more or less 
completely arrested fusion of the Mullerian ducts, 
are alike in having duplication of uterus and cervix 
but differ in the morphology of the vagina, which is 
double in uterus didelphys and single in uterus 
bicornis bicollis. 

Figure 5 shows an opacified left uterine horn, 
which is well developed and deviated to the left side 
of the pelvis; the tube arising from it filled normally. 
Figure 6 shows the right horn lying longitudinally on 





Fic. 4. 


Uterus bicornis unicollis with atresia of the right uterine 
horn, not visualized at hysterosalpingography but found at 
laparoscopy. The left uterine horn, which is well developed, 
presents an irregularity of the left margin of its middle 
portion, probably due to the insertion of the atretic horn. 


16: 


the mid-line of the pelvis and a distinctly spastic 
isthmus. 'This is the most typical pattern of a double 
uterus. 

Figure 7 depicts a rare pattern of incomplete 
uterus didelphys. The uterus is H-shaped with two 
completely independent cervical canals, giving rise 
to two uterine cavities of quite different shape and 
size, communicating at the base of the two horns: 
the left cavity is definitely undersized and has a 
leftward transverse lie in the pelvis; the other, of 
normal size and slightly the right, 
presents a marked filling defect which occupies the 


deviated to 


entire cranial portion of the horn, thereby pre- 
venting communication between the uterine cavity 
and the corresponding tube. 

According to our case-material fertility in women 
with double uterus is often normal, which is not the 


case with other uterine malformations. It has, in 





Fics. 5 and 6, 


Complete uterus didelphys. In this investigation the uterine 
cavities were opacified in two stages, first the left and then 
the right. Both horns are normally developed 


^ 
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lete uterus didelph Filling of the cervical canals 

icc ive stages: the ample communication between the 
terine horns, however, permits simultaneous visualisa- 

of botl ies and both cervices. Marked hypoplasia 

e left uterine rn, which is anteversoflexed. The mor- 
hology of the right uterine horn is altered, the distal por- 


: mutilated by a submucous fibromyoma at the tip 





iterus didelphys. Simultaneous filling of the 


avities by means of two injectors. Hypoplasia 
rine horn with altered morphology due to the 





e of submucous fibromyomas at the tip. Mild 

asia of the right uterine horn with an embryonal 

f m the middle portion of its profile. Small sub- 
ous fibromyoma in the intramural portion of the right 


tube. Bilateral tubal occlusion 


fact, been possible to sl 


iow that sterility is due not 


much to the malformation per se as to associated 
We 


í 


ictors quote as example the case of Fig.8, 
which refers to a woman, married for three years 
ind admitted for investigation of sterility. The 


was subjected to hysterosalpingography 


had the 
cm from the vestibule of the 


after clinical examination demonstrated 


presence of a septum 


Ferrari and G. Rossi 





Fic, 9, 


Marked dilatation of both cervical 
Anteroversoflexion of the uterine horns, which are 
definitely elongated 


Uterus bicornis bicollis 
canals 





Fic. 10. 


Uterus bicornis bicollis. Hypoplasia and atonia of the right 
uterine horn. Marked tonus of the left uterine cavitv, which 
is deviated to the right. 


vagina. The X-ray film shows two quite separate 
cervical canals and two club-shaped uterine cavities 
with a mainly longitudinal diameter occupying the 
central portion of the pelvis. About halfway down 
the left wall of the right cavity is a transverse stria, 
probably related to an embryonal fimbria. The 
tubes were not visualized and the contrast did not 
into In 
sterility bilateral 


therefore 
at 


this 
tubal 


pass the peritoneum. 


to 


case 


was due occlusion 
intramural level. 

Less frequent morphological features but highly 
the 


problem of spontaneous abortion are shown in 


to 


important ones because of their relevance 


Figs. 9 and 10. Figure 9 refers to uterus bicornis 
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bicollis of a young woman who had had two spon- 
the film the abnormal 
length of the cervical canals, which are also consider- 
ably distended; they are followed by two uterine 


taneous abortions: shows 


horns extending downward and to either side of the 
pelvis. In this case the repeated abortions seem to 
have been due to the gaping of the cervix and isth- 
mus, which prevented retention of the embryo in the 
uterine cavity. Figure 10 illustrates another case of 
uterus bicornis bicollis: the left horn, of normal size, 
has a transverse lie towards the right side of the 
pelvis; the right horn, roundish and under-sized, lies 
on the mid-line. Tubal patency is well conserved. 
Clearly, in this case it was underdevelopment of one 
cavity that prevented the normal course of preg- 
nancy. The figure reveals another, functional, fea- 
ture of double uterus: the independence of the two 
uterine cavities in terms of kinetic function. There 
is a detectable difference of tone between the two 
horns: the right horn, in the mid-line, is atonic 
whereas the left horn, deviated to the right side, 
presents definite contractions. 


Uterus Bicornis UNICOLLIS 

This malformation is due to arrested develop- 
ment of the portions of the Mullerian ducts destined 
to form the uterine body and is characterized by the 
presence of a single cervical canal and two quite 
distinct uterine Clinical examination 
unlikely to demonstrate the condition because there 
are no changes in the vagina or cervical canal; 
bimanual palpation may prompt suspicion on the 
ground of two masses found in the pelvic region, 
although fibroid is then more likely. We consider the 
diagnosis of uterus bicornis unicollis can only be 
clinched by the finding of these features on the 
X ray film: (1) separation of the two horns at 
isthmus level; (2) presence of a wide angle between 
the horn images; (3) fusiform appearance of each 
horn with convexities of the margins. 

These features appear in Figs. 11 and 12. 

Figure 11 represents the most typical pattern of 
uterus bicornis unicollis. The two uterine horns 
separate at the level of the isthmus, the right horn 
deviated to the right and the left in a more central 
position. The cavities, slightly smaller than normal, 
are elongated and taper off towards the tips, from 
which the well-filled tubes arise. 

The case illustrated in Fig. 12 shows two uterine 
cavities dividing at the isthmus to form a fairly 
obtuse angle facing upward. Both are 
directed laterally, in keeping with the embryonal 
disposition of the Mullerian ducts: one to each side 


bodies. is 


cavities 


of the pelvis. The cavities differ markedly in size, as 





unicollis. Hypoplasia of both 


cavities, 


Uterus bicornis uterine 
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Uterus bicornis unicollis. Hypoplasia of the right uterine 
cavity. Transverse diameter of the left uterine cavity 
increased through atonia. 


often occurs in this malformation: the right cavity is 
slightly undersized while the left is well developed 
with a fair degree of atonia. The tubes continue 
immediately from their tips, the left tube being well 
filled and the right only in its inner portion. 

The patterns described correspond to a model of 
uterus bicornis that often 
variations, especially at the cervical canal. In Fig. 13 
the uterus is Y-shaped. The cervical canal is de- 
cidedly distended and from its cranial end the two 
uterine horns arise, clearly splayed, each directed 
towards its own side of the pelvis. Both cavities are 
club-shaped but differ in size, the left being smaller 
than the right. The tubes, poorly filled, allow very 
little contrast medium to pass into the peritoneum, 


unicollis undergoes 


603 


VoL. 51, No 


E. Zanetti, Liliana R. Ferrari and G. Rossi 


Fig. 14 the cervical canal, slightly leftward bound, 


egularly contoured, is enlarged and dispro- 


irtionately long compared with the uterine horns. 
These differ in shape and size: the right horn, 
lefinitely undersized and elongated, continues into 
tube; the left 


though still below-normal in size, presents a large 


he well-contrasted horn, larger, 


ling defect in the left wall, attributable to a sub- 
icous fibromvoma 


In Fig. 15 the cervical canal is still more distended 


nd elongated than in the previous case; further, its 
irse is tortuous and its profile is scalloped. Both 


terine horns present several filling defects, at- 


butable to the fibromvomas and 


presence of 





Fic. 13 
bicornis unicollis. Dilatation of the cervical canal 
morphology of the tips of both uterine horns is altered 
fibromyon responsible for bilateral tubal impatency 


embryonal fimbriae which prevent the contrast 
medium from passing through the tubes, as con- 


firmed in the follow-up X ray. 


UTERUS ARCUATUS 

This malformation is due to defective fusion of 
the Mullerian ducts in the fundal area of the uterus, 
which is thus concave. It is almost impossible to 
detect clinically or suspect from the history. Only 
hysterosalpingography shows up the features de- 
noting the presence of uterus arcuatus, namely 
(1) saddle-shaped fundus; (2) increase in the trans- 


verse diameter of the uterine cavity. The pattern is 


16. The fair-sized uterine cavity is 


shown in Fig. 





Fic. 15 


Uterus bicornis unicollis. Dilatation of the cervical canal, 

which is markedly elongated and has a tortuous course. The 

clearly underdeveloped uterine cavities present filling 
defects attributable to fibromyomas 





Fic. 14 


Dilatation of the cervical canal, 
considerably elongated. Marked hypoplasia of the 
Filling defect in the left uterine cavity 
ie to submucous fibromyoma, 


ollis 


terus bicornis ini 


ght uterine horr 


Fic, 16 


Uterus arcuatus. The cervical canal is dilated and elongated 

and presents numerous notches. Prevalence of the 

verse diameter of the uterine cavity : 
uteri, 


trans- 
saddling of the fundus 
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widened and the outline of the fundus presents a 
central depression. If this depression is very pro- 
nounced, it may be necessary to differentiate it from 
uterus bicornis unicollis. It is the level of separation 
of the two horns (high in uterus arcuatus), and the 
breadth of the fundal depression (an obtuse angle in 
uterus arcuatus) (Fig. 17) and acute in bicornis, that 
clinches the diagnosis. 

The frequent finding of submucous fibromyomas 
may difficulties in When the 
myoma lies in the central part of the fundus only an 


create diagnosis. 
air study can resolve the problem. Diagnosis is 
simpler when growth is asymmetrical, as in the case 
of Fig. 18, where the fundus uteri shows a wide 





Fic. 17 


Uterus arcuatus. Deep depression of the fundus uteri with 
high separation. of the two uterine horns (differential 
diagnosis from uterus bicornis). 





18. 


FiG 


Fibromyoma of the fundus uteri causing a large concavity 

of the fundus, especially on the right side. Differential 

diagnosis from uterus arcuatus is facilitated by the asym- 
metry of the cavity. 


bowl-shaped concavity, especially on the right side, 
so that the right horn is displaced and deformed; 
this asymmetry is due to the presence of a mass 
(myoma). Figure 19 refers to a case of submucous 
myoma of the cervical canal capable of giving rise to 
a pattern similar to that of uterus arcuatus. 


UTERUS SEPTUS AND UTERUS SuBsEPTUS 
Uterus septus is due to total or partial nonre- 
sorption of the sagittal septum, residuum of the 
medial wall of the two Mullerian ducts that failed to 
come away after ductal fusion. Consequently the 
external morphology of the uterus is normal but its 


cavity is divided by a more or less complete septum, 





Fic. 19. 


Fibromyoma of the cervical canal causing stretching and 

displacement of the cervical canal on the left side of th« 

pelvis. Deformation of the uterine cavity, which takes 
the appearance of uterus arcuatus 


on 





Fic. 20. 


Uterus subseptus. Distinctly widened uterine 
Profile of the fundus, which is almost straight with a 
notch, 


cavity 


centra 
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Uterus Differential diagnosis from uterus 
uwrcuatus is based on the acuteness of the angle between the 
two horns 


subseptus. 


which is most unlikely to adapt to pregnancy. A 
completely septate uterus is a rare finding but 
uterus subseptus is fairly frequent. Its detection is 
very important because surgical correction ensures 
very good results. Since clinical examination affords 
no evidence of this malformation, hysterosalpingo- 
graphy is decisive. A typical case of uterus subseptus 
is shown in Fig. 20. 'T'he profile of the fundus uteri 
is almost straight with a deep notch in the central 
portion due to an embryonal rest of the primitive 
septum. In many cases more extensive separation of 
the two uterine cavities may give rise to difficulties 
in differential diagnosis from uterus arcuatus or 
bicornis. The criterion is the type of angle sep- 
arating the two cavities, acute (Fig. 21) in uterus 
septus. Another feature that differentiates uterus 
subseptus from uterus bicornis is the functional 


interdependence of the two cavities. 


UTERINE HYPOPLASIA 
The uterine hypoplasia 
congenital 
universally accepted. However, since the defective 


inclusion of among 


malformations of the uterus is not 
development of the uterine cavity is due to lack or 
loss of hormone production, before birth in the 
majority of cases, we sce no reason for not in- 
cluding uterine hypoplasia among congenital uterine 
malformations. 

Although the uterine cavity 


morphology, this malformation is to be regarded as 
I 


is often normal in 


one of the most serious because it is frequently 
associated with abnormalities of ovarian or hypo- 


function, which account for the high 


physial 


Fic. 22. 


Uterine hypoplasia with marked anteversion. 





Fic. 23. 


Infantile uterus with the cervix too large for the body. The 
underdeveloped uterine cavity is too wide and divided in its 
upper portion into two horns. 


incidence of sterility and alterations of the menstrual 
cycle in women with uterine hypoplasia. 

Uterine hypoplasia in the broad sense is a rela- 
tively frequent malformation ranging from high- 
grade The basic 
radiographic signs are (1) uterine body of below- 
normal size; (2) regular triangular morphology 
(miniature uterus); (3) normal relations between 
cervix and body; (4) hypertonia and hyperkinesia 
with frequent spasm of the isthmus. T'he hypertonia 
often makes it difficult to evaluate the true capacity 
of the uterus: another obstacle may be its abnormal 
position. Marked retroversion or anteversion (Fig. 


hypoplasia to near-normality. 


22), frequently found in uterine hypoplasia, may 
create difficulties in evaluating uterine volume; in 
such cases righting of the uterus permits adequate 
evaluation. 
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Fic. 24. 


Hypoplastic and arcuate uterus. The isthmic narrowing is 
missing. 


Fic. 26. 


Star-shaped uterus. Three-point pattern through under- 
development of the uterine body. 





Pencil uterus. The uterine cavity is underdeveloped in 
width. 


The pattern of uterine hypoplasia varies according 
to the stage at which the growth of the organ was 
arrested. 

Figure 23 typifies infantile uterus, a malformation 
due to very early arrest of uterine development. The 
cavity of the body is undersized, has not the usual 
triangular shape and is wider than normal with two 
distinct horns. The cervix is definitely elongated 
and dilated and out of proportion to the body. 
Another abnormality due to insufficient growth is 
gaping of the cervix and isthmus, /.e. incompetence 
of the internal uterine sphincter. 


As will be noted also in Fig. 24, depicting a case of 


hypoplastic and arcuate uterus, the cervical canal 
continues into the cavity of the body without an 
isthmic constriction. This abnormality is highly 


Fic. 27. 


Complex malformation. The contrast medium was injected 
into the one ostium uteri. The single cervical canal is 
abnormally distended and elongated. A longitudinal septum 
is present in the isthmus. The uterine cavity is very under- 
developed and there is a marked saddle in the fundus. 


important because it is one of the most frequent 
causes of spontaneous abortion. 

Figure 25 illustrates another grade of uterine 
hypoplasia: pencil uterus, in organ 
develops in length but not in breadth and is anom- 
alous in shape. The cavity takes the form of a ver) 


which the 


tapered triangle or even of a cylinder. As the figure 
shows, the anomaly is very often accompanied by 
lack of tubal patency. 

Star-shaped uterus, illustrated in Fig. 26, is due 
to underdevelopment of the uterine body, which 
together with the two horns produce a three- 
pointed pattern. 
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Fic. 28. 


Complex malformation with a fistula opening into the left 

half of the vagina. Single cervical canal with duplication of 

the terminal portion. Filling defect in the middle portion of 

the canal. Slightly underdeveloped uterine cavity in 
anteversoflexion. 


COMPLEX MALFORMATIONS 

The malformations so far described fit into the 
proposed classification, but there are some multiple 
malformations so complex as to defy any classifi- 
cation. 

The next two figures represent two cases of H- 
shaped uterus. In Fig. 27 the cervical canal is 
abnormally dilated and elongated; at the isthmus 
there is a filling defect attributable to the presence 
of a longitudinal septum, above which the cavities, 
markedly hypoplastic, are in communication. Fig. 28 
shows a complex malformation combined with a 
fistula, which allowed the contrast medium to pass 
into the left side of the vagina. 


CONCLUSIONS 

Our findings stress the great value of hystero- 
salpingography in the study of congenital uterine 
malformations. Its diagnostic value coupled with 
the possibility in some cases of successful surgical 
correction are points which, together with con- 
siderable simplification of the method, have made 
for ever-increasing use of this type of investigation. 

At one time almost confined to research into the 
causes of sterility, the investigation has widened its 
scope to include the pathology of pregnancy: 
repeated abortion, premature delivery and abnormal 


presentation may arise from uterine malformations 
of varying complexity. 

Our material covers all the various stages of 
congenital malformations as well as transitional 
forms from one to another: from complete uterus 
didelphys to uterus bicornis bicollis and thence to 
septate uterus and to the complex malformations 
like H-shaped uterus, which, although characteristic 
in form, may be subdivided in that the H-shape may 
be due either to an isthmus between two completely 
divided cervices or to an isthmus between the two 
horns. If we turn to the less striking forms, where the 
malformation is confined to hypoplasia, all the 
complex mechanisms of hormonal, placental, ovarian 
and hypophysial dependence come into play. Co- 
existing malformations of the kidneys, ovaries and 
vagina may be present but hysterosalpingography 
may be diagnostic. 
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ABSTRACT 

Cranio-cerebral malformations commonly present in three 
ways: (1) with a visible structural defect; (2) with symptoms 
of neurological abnormalities but without evidence of raised 
intracranial pressure; (3) with macrocephaly or signs of 
raised intracranial pressure. 

The large contribution made by computed axial tomogra- 
phy to the diagnosis and management of these cases is 
discussed in relation to a series of 217 patients. Invasive 
studies were performed in only 55 cases mainly to obtain 
further anatomical information prior to surgery. 


Computerized axial tomography (CA'T) has reduced 
the indications for other studies in paediatric neuro- 
radiology to an even greater extent than in adult 
practice. This is partly due to the high incidence of 
cerebellar tumours in which, because of the uni- 
formity of surgical approach, CAT evidence of a 
cystic or solid mass is sufficient for surgery, and 
partly because congenital and atropic conditions, 
which previously could only be diagnosed by inva- 
sive studies, can usually be elucidated sufficiently 
by CAT. In the latter group the precise diagnosis is 
frequently evident; in other cases sufficient informa- 
tion is obtained for management of the patient or for 
family counselling so that it is not ethically justifiable 
to proceed to invasive studies. There are, however, 
diagnostic limitations and conventional invasive pro- 
cedures may be necessary to resolve these. 

In an attempt to define more clearly the present 
contribution of CAT, and the indications for further 
neuroradiological studies in cranio-cerebral mal- 
formations, we considered that an analysis of a 
consecutive series of recent cases would be useful. 


MATERIAL AND METHODS 

We reviewed the clinical and radiological records 
of all cases of cranio-cerebral malformations, which 
‘have been submitted to CAT on the 160 matrix CT 
1000 scanner at the National Hospitals for Nervous 
Diseases and the CT 1010 scanner at the Hospital 
for Sick Children up to June 30, 1977. We divided 
the patients into three clinical groups: Group 1— 
those with visible structural defects. Group 2— those 
presenting with various features suggesting a neuro- 
logical abnormality without raised intracranial pres- 


1 


í 


1 


sure. Group 3—those with signs of hydrocephalus 
or cranial enlargement. 


RESULTS 
There was a total of 217 patients with adequate 
plain scans. In 30% additional scans after intraven- 
ous contrast medium were obtained. General anaes- 
thesia was used in only 10%. 


Group 1 

With visible structural defects. Malformations of 
the face and skull and certain systemic and cutaneous 
abnormalities occur as isolated features, but in 
several of them there is an increased incidence of 
abnormalities of the brain. Either lesion may be 
manifest when the other is latent and each may 
influence the treatment of the other. There were 
111 such lesions requiring CAT to elucidate the 
possibility of associated intracranial malformations 
(Tables 1-IV). 

Additional studies, other than plain X-rays were 
usually unnecessary for diagnosis and invasive 
studies were performed only in 19 (1795) as indi- 
cated on the tables, usually to obtain anatomical 
information prior to surgery. Thus optic gliomas 
were examined by pneumoencephalography to show 
their precise relation to the chiasm if surgery was 
contemplated and acoustic neurinomas by vertebral 
angiography when the surgeon wished to know the 
adjacent vascular anatomy. 


Group 2 (Table V) 

Retardation, epilepsy, focal neurological deficit 
or microcephaly, alone or in combination, may be 
the clinical presenting features of a large number of 
congenital and acquired abnormalities. Although in 
some of these cases no lesion is evident on computed 
tomography, most of the congenital lesions can be 
recognized. These include severe deficiencies of 
cerebral substance, defects in commissural develop- 
ment and in neuronal migration, congenital tumours 
and hamartomatous masses and enzyme deficiencies. 
This group accounted for 2095 of our congenital 
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TABLE I 
VISIBLE STRUCTURAL DEFECTS 























| Clinical features CAT findings Other studies 
| 1. Visible mass lesions 
(i) Congenital tumours Occipital dermoids 3 Posterior fossa masses 2 None 
Posterior fossa mass abscess 1 None 
Nasal dermoid 1 Normal intracranial scan None 
1 Orbital haemangioma 1 Typical orbital lesion None 
| Normal intracranial scan 
i Gi) Cranial encephaloceles 
| or meningoceles Posterior fossa 1 Hydrocephalus None 
i Parietal 3 Large cisterna magna extending 
i through tentorium into meningocele 
| -+ hydrocephalus (Fig. 1) 1 None 
i Meningocele; otherwise 
normal 2 None 
(iii) Spinal dysraphism 20 Dilated lateral and third 
ventricles 18 A.E.G. (1) 
Normal 2 
2. Cranio-facial anomalies 
(1) Medial facial clefts 2 Normal None 
| (ii) Oro-facio-digital syndrome i Suprasellar arachnoid cyst +- 
hydrocephalus A.E.G. 
i (ii) Pierre Robin 1 Atrophy (dilated temporal horns) None 
(iv) Cornelia de Lange 1 Atrophy (dilated lateral and 
third ventricles) None 
(v) Conradies syndrome 1 Atropby (generalized) None 
3. Abnormalities of cranial growth 
(i) Generalized disorder of bone growth 
Achondroplasia 1 Communicating hydrocephalus Pressure monitoring 
Osteopetrosis Atrophy None 
Normal 1 None 
(ii) Premature fusion of sutures 
Apert’s syndrome 1 Hydrocephalus A.E.G. 
Crouzon'ssyndrome 1! Hydrocephalus None 
Trigoncephaly 1 Normal None 
Saggittal/coronal 3 Normal None 
4. Focal bone lesions 
(1) Parietal cephalhaematona 2 Normal intracranial scan None 
(ii) Fibrous dysplasia Normal intracranial scan None 
Gii) L, Temporo-parietal epidermoid 1 Expanded diploe, eroded inner 
table, compressed temporal 
lobe (Fig. 7) Carotid 
5, Phacomatoses 
(i) Sturge Weber 12 Table H 
(1i) Tuberous sclerosis 19 Table HI 
(iii) Neurofibromatoses 29 Table IV 
(iv) Von Hippel-Lindau 3 Enhancing nodular tumours -!- 
cysts in posterior fossa 3 Vertebral (3) 
Enhancing tumour + cyst in 
L. temporal lobe 1 Carotid 


— 





lesions presenting in infancy or early childhood. 
Most of them had a chronic history but in seven it 
was acute. Seven cases were part of a group of ten 
presenting with precocious puberty, without other 
clear cut clinical abnormality, being investigated for 
the possibility of hypothalamic tumours. 

Studies other than plain films were performed in 
only 20 of these cases; air studies in 13, mainly in 
suprasellar lesions which had been revealed by 


ud 


CAT, in order to show the relationship to adjacent 
structures prior to surgery; angiograms in the five 
angiomatous malformations and in the venous 
angioma, the lipoma of the corpus callosum and the 
hydranencephaly. 


Group 3 (Table VI) 
Hydrocephalus, requiring investigation of the site 
and nature of the obstructing lesion, or macrocrania 
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'TABLE II 
STURGE WEBER 









































Case | Plain skull CAT | 
no Age Naevus Calcification Atrophy Calcification Atrophy | 
EAEE TEET EEA SEA Boe. ens P bte ia COPIE A cme i 
1 4 R&L R&L R&L R&L R&L | 
2 16 R R R R R 
{i post. fossa 
3 12 L f L L P L L | 
4 13 L L L L L 
5 7 R | R R R Limited 
i scan 
6 10 R&L R R R R 
7 9 R | R R R R 
8 10 L — L L L 
9 16 R R&L R R&L R 
10 8 L | R&L L R&L L i 
11 2 L — L L L 
12 1 RÈL — I: I L | 
i 
TABLE HHI 
''UBEROUS SCLEROSIS 
CAT 
Diagnostic dense 
clinical Other periventricular 
Case no. Age features | Plain films| studies Nodules Gliomas Other lesions 
— == — — — — — — ————————— ania — § 
la 3/12 L. Frontal 
b 10/12 Calcification (Fig. 9) 
2 8/12 » 
3 9/12 . 
4 11/12 (AEG +) Atrophy 
5 1 yr - 
6 15/12 
7 21/12 - 
8 2 vrs j- : 
9 4 yrs F C se 
10 4 yrs ~- ~ Focal peripheral low 
11 4 yrs E ~~ attenuation (Fig. 11) 
12 7 yrs x 
13 8 yrs + C 4 
14 10 yrs 4 C + 
15 10 yrs T CP - + 
16 14 yrs CP (AEG +) + 
17 14 yrs CP Ed + 
18 31 yrs a B ł = 
19 32 yrs CP (AEG--) + + (Fig. 10) 





























C=calcification | P —raised intracranial pressure 


of other aetiology was the presenting feature in 62 of 
our cerebral malformations. Arachnoid cysts and 
aqueduct occlusion together accounted for 5594 of 
these abnormalities and Dandy-Walker and Arnold- 
Chiari syndromes and aneurysms of the vein of 
Galen for most of the remainder. Further study by 
pneumoencephalography or angiography was per- 
formed in 27% of these cases. 

Minor developmental variants, which are not of 
clinical importance but which need to be recognized 


to avoid confusion especially when they occur inci- 
dentally in association with significant pathology, 
include large fontanelles and parietal foramina which 
are confirmed by reference to the plain X rays, 
cavum septum pellucidum and vergae and coarcta- 
tion of parts of the venticular system. These are 
observed not infrequently but their anatomy is as 
clearly shown on CAT as by pneumography and 
since they are not pathological they will not be 
discussed further. 
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TABLE IV 
NEUROFIBROMATOSIS 
JM PPM cO 
| Intracranial tumours Other studies 
Acoustic neuroma 4 Bilateral 2 Vertebral (4) 
Optic glioma 5 Nerve alone 2 AEG (1) 
Nerve 4 chiasm 1 AEG (1) m 
Nerve + chiasm -i- tract 2 None 
Intracerebral glioma 4 None. 
| Meningioma 1 Carotid 
Hemihypertrophy 4 None 
Deficiency of sphenoid wing 3 None 
Ventricular dilatation and atrophy 8 None 
Plexiform neurofibroma 2 None 
Hypertrophy of choroid plexuses None 
Normal 3 None 








TABLE V 





Congenital abnormalities 

Chronic presentation 

Agenesis of corpus callosum 1 
Holoprosencephaly (with normal face) 
Hydranencephaly 

Aicardi syndrome 

Enzyme deficienceis and infiltrations 
Hemisphere arachnoid cyst 

Septo-optic dysplasia 

Venous angioma 


[ 
| 
| 


— — tà O6 Uo — CD 


Acute presentation 
Angioma 

Lipoma of corpus callosum 
Dermoid 


— — n 


B. Precocoius puberty 
Suprasellar arachnoid cyst 
Optic/hypothalamic glioma 
Hamartoma 
Normal 


we 


| 
br e 





TABLE VI 
HYDROCEPHALUS OR ENLARGED HEAD 








A. Retardation, spasticity, fits or focal neurological abnormality Total number of cases 33 
4 


27 


10 








Other studies 


A.E.G. (4) 
None 

Ventric + Angio 
A.E.G. (1) 
A.E.G. (1) 
None 

A.E.G. 

Carotid Angiography 


Angiography (5) 
Angiography 
None 








Dandy-Walker 
Aqueduct Stenosis 
| Arachnoid Cyst: 


| 
i 
i 
I 
i 
| 
i 
i 
i 





I 
f 
] 
| 











Dandy-Walker 


Aqueduct Stenosis 
Arachnoid Cyst: 


Aneurysm of vein of Galen 
Colpocephaly 
Chiari malformation (without meningocele) 


PR E EN 
Acute presentation Other studies 
(2 with agenesis of corpus callosum) 3 None 
(1 with agenesis of corpus callosum) 3 A.E.G. (2) 
2 Suprasellar 9 None 
2 Behind third ventricle A.E.G. (1) 
5 Posterior fossa A.E.G. (4) 
Chronic presentation Other studies 
1 A.E.G 
Agenesis of corpus callosum + colpocephaly + heterotopia 1 None 
9 A.E.G. (1) 
4 Suprasellar 13 A.E.G. (1) 
1 Behind third ventricle A.E.G. 
5 Posterior fossa A.E.G. (3) 
3 Hemipshere A.E.G. (1) 
3 Angiogram (2) 
1 None 
5 None 
14 None 


Megalencephaly 
i —^—€——— 


— — 
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DISCUSSION 

Group | 

Visible 

should be adjusted to examine in turn the composi- 

tion of the external abnormality, the bone adjacent 
to it and the brain. 

Encephalocoeles and meningocoeles. Such herniations 


structural defects. CAT window levels 


through developmental bony defects usually present 
as obvious masses on clinical study when they 
protrude subcutaneously, but basal lesions pro- 
jecting towards the nose, sinuses, orbits or pharynx 
are not infrequently overlooked or misdiagnosed on 
clinical study. The bony defects may be shown on 


plain films but basal lesions especially are better 


defined by conventional tomography. These films 
are always reviewed in conjunction with the CAT. 
Clinical management is influenced by (1) presence or 
absence of other cerebral abnormalities; (2) hydro- 
cephalus, which should be treated prior to surgery 
on the lesion to decrease the likelihood of a cerebro- 
spinal fluid fistula; (3) the extent and nature of thc 
contents of the hernia and the relationships of 
adjacent structures. 

CAT reveals most of these features (Fig. 1) 
Further information about the lesion itself may be 
obtained by computed tomography in the coronal 
axis of the lesion and in the plain of its neck, 
examining with varving window levels and widths to 





One year-old male 


Enlarged head since birth with large, midline, parietal meningocele. CAT (a) just below tentoriun 


(B) (c) (D) and (E) progressively higher sections. There is an arac hnoid cyst posterior to the cerebellum, passing through the 

tentorium, separating the occipital horns and extending into a midline parietal bone defect. There is gross hydrocephalus 

In addition the anterior horns and bodies of the lateral ventricles are abnormal, with no evidence of a septum pellucidum 
suggesting lobar holoprosencephaly 





B 


(a) Plain scan. (n) After intravenous contrast medium. There is a mass of 

diminished attenuation at the torcula which is associated with a marked 

excavation of the inner table and diploe and a small defect in the outer 

table. The transverse sinuses are displaced anteriorly by the mass which 
is typical of a dermoid cyst. 
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Fic. 3 


Abscess formation within posterior fossa dermoid. Scan (a) 
before and (B) after intravenous contrast medium. There are 
three low attenuation lesions with dense enhancing margins 

iusing ring shadows in the position of the cerebellum with 
attenuation, These were due to abscesses 
within the dermoid cyst. There is moderate hydrocephalus. 


surrounding low 


show both the bone defect and the contents of the 
hernia. The latter may be difficult to assess due to 
partial volume effects and computer overshoot from 
idjacent bone in small lesions. Detailed anatomy of 
the major blood vessels and the relationship of 
yptic pathways to basal meningocoeles can only be 
obtained from angiography and/or air studies, which 
may, therefore, be required for ideal presurgical 
planning (Pinto et al, 1975). 

These 


Dermoids, nasal gliomas and hamartomas. 


lesions may have communicating superficial and 
intracranial components (Fig. 2). They are studied 
in the same way as the herniations. The attenuation 
coefficients in the lesion may indicate its nature; the 
size of the bony defect and the extent and relation- 
ships of the intracranial component are shown by 
CAT 


complications, 


Any hydrocephalus is evident; inflammatory 
including abscess formation, within 
or near a dermoid may only be recognized after 
intravenous contrast injection (Fig. 3). 

Spinal dysraphism. Overt spina bifida is associated 
with Arnold-Chiari, type 2, malformation in over 


50 ot 


cases, but this is an uncommon cause of 


obstruction to the outlet of the fourth ventricle. The 
hydrocephalus which occurs in over 90% of these 
cases (18 out of the 20 in our series) is most often 
due to aqueduct stenosis and, less frequently, to 
communicating hydrocephalus with obstruction in 
the ambient cisterns. Using the CT 1010 scanner the 
anatomy of the foramen magnum region may be 
shown and the absence of a cisterna magna suggests 
the probability of the Arnold-Chiari malformation. 


Enlarged caudate impressions and massa intermedia 





Fic. 4. 


Holoprosencephaly. The interhemispheric fissure is absent 

and the cortex is continuous across the midline. There is no 

septum pellucidum and the single lateral ventricle is con- 
siderably dilated with a large posterior diverticulum. 


may also be evident, but it is usually not possible to 
recognize the depressed fourth ventricle and we have 
been unable to distinguish, without intrathecal Met- 
rizamide, between elongated cerebellar tonsils closely 
applied to the upper cervical cord and inferior 
extension of the lower medulla, or to differentiate 
intraspinal extension of the fourth ventricle from 
hydromyelia. We still use myelography to show the 
anatomy around the foramen magnum region if the 
surgeon requires detailed information prior to local 
surgery on the lesion. 

Holoprosencephaly. Development of the prosence- 
phalic monovesicle is induced by the pre-chordal 
mesoderm behind the foregut which is the analogue 
of the 1947). 
Abnormal induction may cause holoprosencephaly 


medial facial structures (Mettler, 
associated with central facial anomalies, but either 
feature may occur in isolation. CAT is, therefore, 
indicated to reveal any intracranial lesion in such 
facial anomalies which include an obvious or mini- 
mal cleft, hypotelorism and trigonocephaly similar 
to that which occurs with metopic craniostenosis, 
but with a patent suture. The cerebral maldevelop- 
ment is not proportional to the facial deformity. The 
failure of differentiation of the prosencephalic vesicle 
into the hemispheres varies between retention of a 
holosphere, with a single ventricular cavity in the 
severe alobar cases (Fig. 4), to midline continuity of 
the frontal neo-cortex, combined with a defect in 
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Fic. 5. 


Trigonocephaly. The anterior frontal region is keel-shaped and there is thickening at 
the site of the prematurely fused metopic suture. (A) There is hypotelorism. (B) The 
brain is normal, 


the septum pellucidum and agenesis of the corpus 
callosum in lobar holoprosencephaly (Kurlander et 
al., 1966). 

Frequently a thin-walled dorsal extension of the 
monovesicle replaces the posterior parts of the cere- 
brum. Microcephaly is usually present, but some- 
times the dorsal sac may be large and cause macro- 
crania. In such cases the cerebral mantle may rotate 
leaving a large space 
anteriorly, This may superficially resemble hydra- 


posteriorly, extracerebral 
nencephaly or bilateral subdural effusion, but the 
additional features of holoprosencephaly will dis- 
tinguish these. In holoprosencephaly the falx is 
though 
hypoplastic one develops posteriorly. Absence of the 


characteristically absent; occasionally a 
falx may be useful when the diagnosis is in doubt 
since it does not occur in other conditions. 

Cranial Growth Abnormalities. Fusion of sutures can 
be shown in 
(Fig. 5). The small volume of the orbits is evident in 
cases with proptosis as is the presence and degree of 


the various forms of craniostenosis 


hypertelorism or hypotelorism. Communicating hy- 
drocephalus is an occasional association which may 
alter management. 

The large vault of achondroplasia may be due to 
disordered bone growth associated with the hypo- 
plastic base, but there may be communicating hydro- 
cephalus (James et al., 1972). 





Fic. 6. 


Fibrous dysplasia. There is expansion of the diploe in the 

convexity and orbital plate of the right frontal bone and in 

the pre-sphenoid. The expanded bone is of irregular density, 
typical of fibrous dysplasia. 


Deformity of the vault may be due to periosteal 
bone formation as, for example, over a cephalhaema- 
toma, to abnormally thick diploe with increased 
calcification within it in fibrous dysplasia (Fig. 6), 
or low attenuation within it in intradiploic epider- 
moids ( Fig. 7). 


-æ 
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Our case of Klippel-Trelawney-Weber syndrome 
was associated with hemihypertrophy involving all 
tissues, 

Most of the intracranial manifestations of phako- 
matoses can be recognized at an earlier stage by 
CAT than by other neuroradiological studies, which 
should, in general, be held back until specifically 
indicated as, for example, to elucidate vascular 
anatomy adjacent to a neurofibroma or haemangio- 
blastoma prior to surgery, or to detect lesions of the 
blood vessels themselves in neurofibromatosis or von 
Hippel-Lindau syndrome. 

Sturge- Weber syndrome. Our 12 cases ranged from 
two to 16 vears (average 8.6) and at the time of CAT 
the typical naevus was apparent. Plain skull films 
showed evidence of hemiatrophy or microcephaly in 
all our cases; enlargement of the ipsilateral hemi- 
cranium as described by Enzmann et al. (1977) was 
not seen. Diagnostic superficial calcification was 
present on plain X rays in nine of our cases; the 
three were aged one, two and ten 


other years 


respectively. CAT showed calcification and ipsi- 
lateral atrophy in all cases and the changes were 
always more extensive than on the plain films. In two 
cases the facial naevous was bilateral; in one of these 
the radiological changes were bilateral, but in the 
other they were unilateral. In two others with uni- 
lateral naevus the calcification was bilateral. In the 


oldest patient there was calcification adjacent to the 


cerebellar cortex on both sides in addition to typical 
unilateral cerebral calcification, Thus the cerebral 
changes are not necessarily confined to the side of 
the naevus and may involve the cerebellum also. 

Intravenous contrast medium was given in only 
one case and caused diffuse superficial enhancement 
on the side of the calcification (Fig. 8). Enzmann 
et al. (1977) gave contrast medium to two cases; 
one showed marked and the other slight superficial 
enhancement. Linear densities, suggesting enlarged 
deep veins, which are a well recognized feature of 
this pathology, were also evident in one case. 
Tuberose sclerosis (Epiloia). Our 19 cases ranged from 
three months to 32 years, but only two cases were 
over 14 years. Clinical features of the disease were 
evident in 16 cases and one other had a strong family 
history. In three cases the CAT findings were the 
first indication of the diagnosis. 

Plain X-rays showed typical calcification in seven 
cases and in four of these there was also evidence of 
raised intracranial pressure. 

CAT showed typical subependymal, partially cal- 
cified nodules in 18 cases at the time of presentation. 
In the other case, aged three months, there was 
irregular amorphous calcification deep in the left 
frontal lobe; a repeat scan at the age of ten months 
showed typical subependymal nodules (Fig. 9). 

Large masses adjacent to the foramina of Monro, 
typical of the gliomata occurring in this syndrome 





Fic. 7. 


Epidermoid. (A) Plain scans (L 100 W 400). The medial surface of the temporal 
bone is eroded and the erosion has extended through to the outer table anteriorly. 
The inner table is elevated at the margins of the lesion. (B) Same cut after intra- 
venous contrast medium (L 18 W 40). The mass is of low attenuation (attenu- 


ation 


+-5) and there is no enhancement within it. There is a little enhancement 


around its medial border. It is causing considerable mass effect as shown by 
compression of the left lateral ventricle and deviation of the midline towards 
the right side. 
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(Kapp et al., 1967) were shown in five cases, in all 
of which there was obstructive hydrocephalus due to 
these tumours (Fig. 10). 

Low attenuation lesions which did not enhance, 
presumably due to cortical tubers, in addition to 
typical subependymal nodules, were present in one 
case (Fig. 11). There was unilateral atrophy in 
another case. Arterial lesions are known to occur in 
tuberous sclerosis (Hilal et a/., 1971) and it is poss- 
ible that the atrophy was due to either ischaemia or 
to dysgenesis. Although pneumoencephalography 





was performed in three early cases in our series, the 
CAT findings are usually so specific that no other 
procedure is indicated. 

Neurofibromatosis. Our 29 cases showed most of the 
cranial manifestations of the syndrome. 

Ten presented with orbital problems which were 
resolved by CAT and plain X-rays. Enlargement of 
the optic nerves and chiasm due to glioma may be 
difficult to assess in asymmetrical orbits unless over 
lapping cuts in the axis of the optic nerves are 


obtained. The numerous lesions causing proptosis 


me 


A 
" 


B 


Fic. 8. 


Sturge-Weber syndrome. (A) Plain scan. There is typical subcortical 
calcification throughout most of the left hemisphere. There is left hemi- 
atrophy with diminished cerebral substance on the left side, widening of the 
left subrachnoid space and thickening of the cranial vault. (B) Same cut 
after intravenous contrast medium. There is enhancement of the brain 
adjacent to the calcification but extending beyond it to the occipital pole 





Fic. 9. 


Tuberous sclerosis, (4) Aet 3/12, plain scan, There is amorphous calcifi- 
cation in the white matter of the left frontal lobe. (B) Aet 10/12 after 
contrast medium. Typical subependymal nodules are now evident 
They were present on plain scan but more apparent after enhancement 
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A B 
Fic. 10. 


Tuberous sclerosis. CAT adjacent cuts with lower one at level of foramina of 

Monro. Four typical calcified subependymal nodules are shown. There is a 

large mass of brain attenuation encroaching into both frontal horns from the 

region of the foramina of Monro which is typical of the gliomata occurring in 

tuberous sclerosis. The lateral ventricles are dilated and the tips of two shunt 
tubes (arrow) are shown in the bodies of the lateral ventricles 





Fic. 11. 


Tuberous sclerosis. Sections taken 1 cm apart after intravenous contrast 


medium. ‘Typical partly calcified subependymal nodules are shown. In 
addition there are low attenuation lesions, presumably tubers, in the cortical 
regions of both hemispheres. 


are simply resolved by CAT and exclusion of tumour 
by this means has saved further investigation and 
exploratory surgery (Fig. 12). 

Intracranial tumours, not infrequently multiple 
(Roderigues and Morgan, 1966) are best diagnosed 
and followed-up by CAT (Fig. 13). The internal 
auditory meatuses cannot be adequately examined by 
CAT alone and, when intracanalicular tumours are 
suspected, other studies may be indicated. 


Unilateral ventricular enlargement occurred in 
eight cases. This may be associated with hemihyper- 
trophy (three cases), but the cause was not evident 
in five cases (Fig. 14). Arterial involvement by the 
disease is one possibility. The cause of macrocran- 
ium, which is frequently present in neurofibroma- 
tosis (Holt and Kuhns, 1976) is best elucidated in 
individual cases by CAT. It was present in our four 
patients with hemihypertrophy and in one other 
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Fic. 12 
Neurofibromatosis, presenting with right proptosis. There 
is dysplasia of the right greater wing of sphenoid with 
bulging of the temporal lobe into the posterior part of the 
orbit, which is the cause of the proptosis. No intraorbital 
lesion or further abnormality was shown. 





Fic. 13. 


Neurofibromatosis, bilateral acoustic neurinomata. Scan 

after intravenous contrast medium. This large, left-sided 

tumour and small right-sided tunour were best demonstrated 

at a relatively high window level (L 35, W 50) at which the 
cerebral substance is not well shown. 


with megaloencephaly associated with a cerebral 
glioma. 

CAT has been used in the phakomatoses as a 
screening procedure. We have observed, however, 
that despite careful CAT with enhancement, some 
small non-cystic haemangioblastomas were not dem- 
onstrated, at a time when they were visualized by 
angiography. 
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Fic. 14. 


Neurofibromatosis, hemi-hypertrophy. There is enlargement 

of the left temporal lobe associated with expansion of the 

left hemi-cranium. The left lateral ventricle is dilated (left 

temporal horn —). There is a plexiform neurofibroma of the 
left side of the face. 


Group 2 

An analysis of the large number of conditions 

which presented in our second group is given in 
Table IV. CAT is the only radiological investigation 
capable of showing some of these conditions and the 
most appropriate first study in most of them. 
Enzyme deficiences may be recognized by systemic 
changes, but when their effects are confined to the 
central nervous system CAT may raise this diag- 
nostic possibility. CAT is useful in the former group 
to show the extent of intracranial involvement as, 
for example, in mucopolysaccharsidoses in which 
cerebral infiltration may be revealed as diffuse white 
matter low attenuation, or focal masses and there 
may be arachnoid cyst formation or hydrocephalus, 
any of which may be associated with macrocephaly. 
Cerebral infiltration was shown in lipoidoses (Fig. 15) 
and calification in the basal ganglia in carnitine 
deficiency. 

In the group confined to the nervous system, 
paraventricular low attenuation due to white matter 
degeneration or hypoplasia may occur, sometimes 
associated with atrophy, or atrophy may be the only 
recognizable feature. We have seen such changes in 
metachromatic, Krabbe’s (Fig. 16) 
leukodystrophies (Kendall et a/., 1977) in dihydro- 


and adreno- 
folate reductase deficiency and Leigh's disease. 

Dysgenesis of the commissural plate. In total agenesis 
of the corpus callosum there is separation of the 
lateral ventricles so that their medial walls do not 
oppose at any point. The third ventricle extends up 
between them and is often wide, particularly its 


posterior part. The medial borders of the lateral, 
Zz 
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ventricles are straight or concave medially, with slit- 
like dorsal extensions of the cella media (Fig. 17). 
In incomplic ated cases the anterior horns are narrow 
relative to the trigonal and posterior temporal re- 
"ions, which are moderately dilated due to failure of 
levelopment of the posterior fornices, and to colpo- 
cephaly due to hypoplasia of white matter (Fig. 18) 
( Probst, 


iormal children to perinatal anoxia which may cause 


1973). These cases are more prone than 


encephaloclasis; this tends to be more marked in the 
trigonal and temporal regions, resulting in further 


dilatation. There is frequently microcrania with 


patent sutures which may be the presenting feature; 


of cases, usually 


icrania occurs in about 20 


macrt 


associated with dilated ventricles, a cystic supra- 
pineal recess or accompanying lesions such as inter- 
hemispheric cysts or lipoma of the corpus callosum 
(Brun and Probst, 1973). Callosal dysgenesis is also 
found in association with Dandy-Walker syndrome 
and Aicardi’s syndrome. 

In lesser degrees of dysgenesis the anterior parts 
of the lateral ventricles are normal but it is possible 
to diagnose the condition if the third ventricle 
extends between the separated posterior parts of the 
bodies, especially when there is also dilatation of the 
trigonal regions. The cardinal CAT sign of agenesis, 
however, is separation of the medial walls of the 
ventricles; if this is not present an absolute diagnosis 





Vay-Sach's disease. There is macrocephaly associated with infiltration of white 
natter which is of diminished attenuation, The lateral and third ventricles them- 
selves are normal, 





Fic. 16. 


Krabbe's leukodystrophy. Well defined, symmetrical, periventricular 
low attenuation typical of the leukodystrophies is shown. The lateral 
ventricles themselves are normal 
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is not possible without an air study. In this series 
there are no cases in which agenesis was shown by 
encephalography but not recognized on CAT. 

Defective neuronal migration. Dysgenesis of the 
corpus callosum is frequently associated with other 
defects of neuronal migration causing colpocephaly 
and/or heterotopia of grey matter (Fig. 18). The 
latter is nodules 


recognized by subependymal 


(Bergeron, 1967) of similar attenuation to brain 


tissue, causing irregularity of outline of the lateral 
ventricles; the third and fourth ventricles are not 
affected. 

Nodular ectopia and colpocephaly occur with 
lissencephaly (Wesenberg et al., 1966) in which there 
is hypoplasia of white matter and failure of develop- 
ment of the cerebral cortex; calcification of unknown 
origin has been shown to occur in the upper margin 
of the septum pellucidum in this condition. 





Fic. 


17. 


Simple agenesis of the corpus callosum. The lateral ventricles are 

separated. The third ventricle extends up between them. The 

anterior horns and bodies of the lateral ventricles are small. The 

trigonal regions are slightly larger. There is slight irregularity of 

the contours of the bodies of the lateral ventricles, probably due to 
hetertopia of grey matter. 





B 


Fic. 18. 
Agenesis of the corpus callosum. The lateral ventricles are separated and the 
third ventricle extends up between them with elongation of the foramina of 
Monro. The lateral ventricles are narrow and the margins are irregular due 
to nodules of heterotopic grey matter. The left trigone and occipital horn are 
dilated due to hypoplasia of the adjacent white matter (colpocephaly). 
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Fic. 19. 


Aicardi's syndrome. (a) The walls of the lateral ventricles, especially of the right, are irregular due to the presence of 

heterotopic nodules of grey matter. (b) There is an arachnoid cyst adjacent to the left petrous bone and cerebellar convexity 

issociated with hypoplasia of the left cerebellar hemisphere and some expansion of the left side of the posterior fossa. 

Pneumoencephalogram. Brow-down lateral projections. A large nodule of heterotopic grey matter is shown projecting 
from the roof of the right occipital horn into the trigone. The lateral ventricles are moderately dilated 


Nodular ectopia is also a feature of Aicardi's 
syndrome (Fig. 19) and occasionally it is recognized 
as an isolated abnormality. 

Septo-optic dysplasia. Absence of the septum, as 
distinct from secondary rupture, is associated with a 
straight configuration of the posterior margin of the 
rostrum of the corpus callosum due to lack of devi- 
ition which occurs towards a normal septum (Fig. 
20). The anterior part of the third ventricle may be 
wide, but is usually normal on CAT which does not 
reveal the minor changes in its anterior recesses. In 
addition, the small optic foramina could be shown at 
ippropriate window settings, but it is not possible to 
measure the size of the optic nerves due to partial 
olume effects. The diagnosis of this condition is 
essentially clinical and the role of CAT is supportive 





and to exclude further abnormalities. It is not 


Fic. 20. 


necessary to procee d to invasive studies. 3 
Porencephaly may follow encephalomalacia of any Septo-optic dysplasia. The septum pellucidum is absent. 
- Note the horizontal configuration of the rostrum of the 


actiology but in one variety (schitzencephaly), which corpus callosum. 
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is initiated relatively early in cerebral development, 
the cavities are usually large in a malformed brain 
(Yakovlev and Wadsworth, 1946a, 1946b). The con- 
dition tends to be most marked in the Rolandic 
region and, when severe, may extend from ependyma 
to pia. When the cysts do not communicate freely 
with cerebrospinal fluid spaces they are shown as 
avascular masses on conventional contrast studies 
The cysts are frequently associated with hemi- 
atrophy though there may be focal mass effect or 
macrocephaly. All these abnormalities are evident on 
CAT, the cysts appearing as sharply defined masses 
of water attenuation (Fig. 214), without any enhance- 
ment after intravenous contrast medium. Intrathecal 
Metrizamide with repeated CAT, or air encephal- 
ography or cystography is necessary (1) to determine 
if connections are present between multiple cysts and 
between cysts and the ventricles or subarachnoid 
space prior to drainage procedures (Fig. 215); (2) to 
distinguish the lateral ventricles from the cysts when 
this is not possible on plain scans. 

In hydranencephaly the posterior fossa, corpus 
striatum and cerebral substance in the temporal and 
inferior parts of the frontal lobes are present and 
are shown at standard window levels (Fig. 224). The 
falx, projecting into the upper part of the fluid-filled 
cranium, is best shown with a wide window; its 
presence may be helpful in excluding holoprosen- 
cephaly with a cyst over-riding the cerebral mantle. 
Very thinned cerebral substance occurring in gross 
hydrocephalus may not be evident with standard 
window settings and should be searched for at differ- 
ent window levels to avoid mistaking this condition 
for hydranencephaly. Coronal cuts may possibly be 
necessary to exclude large subdural hygromas com- 
pressing the cerebral substance inferiorly (Harwood- 
Nash, 1977) but we have not seen such a case 
Cerebral angiography is rarely necessary for con- 
firmation of the diagnosis (Fig. 225). 


Group 3 
In our congenital defects presenting with raised 
intracranial pressure, hydrocephalus or enlarged 


Fic. 21. 

(4) Schitzencephaly with multiple porencephalic cysts 
There are multiple well defined regions of the same attenu- 
ation as cerebro-spinal fluid. The lateral ventricles are 
difficult to distinguish from these regions with certainty 
but they are probably dilated and displaced towards the right 
side. 

(B and c) Since the head had enlarged, air was introduced 
into a left-sided cyst. After manipulation of the head air has 
partially outlined the dilated lateral ventricles and several 
of the cysts. This indicates that a considerable part and 
possibly the whole of the obstructed system can be drained 
( by a single shunt procedure. 
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head (Table V), CAT was again the most important 
initial study. Occlusion of the ventricular system is 
recognized by dilatation of the part above the ob- 
struction. The c.s.f. pathways below the level of the 
'ccluding lesion are usually normal or small, but 
they may be dilated due to obstruction of the sub- 
irachnoid space at the level of the tentorium, caused 
by brain herniation, or around the expanded hemi- 
spheres due to compression or incomplete develop- 
ment of the space. In simple occlusion there is no 
tumour mass, abnormal attenuation or enhancement 
ifter intravenous contrast medium, which is given in 
these cases unless invasive studies are specifically 
indicated 

l'he distended system bulges towards the site of 
membranous, but a 


bstruction especially when 


tomogram along the axis of the occluded part of the 
ventricular system would be necessary to reveal this. 
In simple aqueduct stenosis there is usually marked 
dilatation of the third ventricle, with ballooning of 
the posterior recesses and often of the mouth of the 
aqueduct. The quadrigeminal cistern, which is 
splayed by downwards pressure of the dilated third 
ventricle, outlines the symmetrical midbrain (Fig. 
23). The actual occlusion in the aqueduct itself is 
not shown by CAT but inferred from the indirect 
evidence. Masses at the posterior end of the third 
ventricle and in the brainstem are usually visible due 
to deformation of the adjacent structures on unen- 
hanced scans (Fig. 24) but contrast medium is 
valuable in confirming small gliomas (Fig. 25) and 
angiomatous malformations. 





Fic. 22. 


Hydranen ephaly 


(a) A small nodule of cerebral tissue is present in both frontal regions. ‘The remainder of the cranial 


avity at the level of section is filled with cerebro-spinal fluid. The falx is visible at usual window levels (L, 18, W 40 EMI 

mits) but is better seen with a low window level (b) (L 10, W 40) with which the cerebrospinal fluid appears relatively 

dense. Note computer artefact due to poorly fitting water bag. (c) Subtraction film of lateral projection of right carotid 

ingiogram. Capillary circulation is shown in brain substance in the medial frontal supplied by the anterior cerebral artery 

ind in the temporal lobe supplied by the posterior cerebral artery. The middle cerebral artery is hypoplastic and most of its 
branches are absent. The remainder of the cerebral substance is deficient. 
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B 
Fic. 23. 


Unenhanced scan. (A) at level of third ventricle 
dilated but not deformed. The cisterns in the tentorial 


The lateral and 


Aqueduct stenosis 

third ventricles are markedly 

hiatus appear slightly compressed from the lateral aspects but are otherwise normal and 
n) Through posterior fossa. The fourth ventricle and 


there is no indication of any mass 
basal cisterns are normal. 





H 


Fic. 24. 


Aneurysm of vein of Galen. (A) Plain scan. There is a rounded mass 


of slightly greater than brain attenuation in the quadrigeminal 
cistern, impressing the posterior margin of the third ventricle. ‘The 


lateral ventricles are dilated. (B) After intravenous contrast medium. 
There is marked even enhancement of the aneurysm. The right basal 
vein and the straight sinus are shown in continuity with it. 
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Fic. 25. 
4) Tumour at posterior border of the third ventricle causing obstruction. There is 
symmetrical dilatation of the lateral ventricles with periventricular low attenuation. 
l'he third ventricle is dilated and a small mass encroaches into its posterior part from the 
right side. (B) After intravenous contrast medium there is a little enhancement within 
the mass. 





Fic. 26 


Dandy-Walker syndrome. Unenhanced scan. (A) At level of fourth ventricle. The 

cerebellum is hypoplastic, only a small amount of the right hemisphere and a little 

more of the left hemisphere are visible. (B) A large space of cerebro-spinal fluid 
attenuation fills most of the posterior fossa and extends up to the tentorium. 
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Obstruction in the fourth ventricle or at its outlet 
usually causes enlargement of the ventricle but some- 
times this is of lesser degree than that of the supra- 
tentorial ventricles, in which case diagnosis of the 
site of obstruction may not be possible without other 
studies. When hydrocephalus is accompanied by 
marked enlargement of the fourth ventricle the 
distinction between simple obstruction, arachnoid 
cyst and Dandy-Walker syndrome is of some impor- 
tance because, in the former, simple drainage of a 
lateral ventricle will reduce the pressure throughout 
the system, whereas in the other conditions direct 
surgery is usually preferred to prevent local increases 
in pressure which may cause brainstem dysfunction. 

The cardinal feature of the Dandy-Walker syn- 
drome is deficient development of the cerebellum 
(Fig. 26). In the complete syndrome the vermis and 
hemispheres are affected, whereas in the so-called 
variant the vermis alone is involved. There is usually 
in addition, membranous obstruction to the outlet 
of the fourth ventricle, causing a cystic space in 
direct continuity with the ventricle. The membrane 
is commonly, but not invariably, complete, causing 
isolation of the ventricular system from the subar- 
achnoid space. 

The hypoplasia of the cerebellum is evident on 
CAT and its degree may be assessed. It may consist 
of two symmetrical or asymmetrical projections from 
the posterior part of the upper pons, representing 
the separated cerebellar hemispheres, or in the least 
marked variation there may simply be absence of the 
nodulus, which is recognized by an unusually wide 
gap between the lower parts of separated, but other- 
wise normal, cerebellar hemispheres. The Dandy- 
Walker syndrome may be associated with partial or 
complete agenesis of the corpus callosum. The large 
cyst of c.s.f. attenuation in continuity with the fourth 
ventricle often balloons the posterior fossa and dis- 
places the tentorium superiorly, causing separation 
and lateral displacement of the occipital horns. 
Superficially similar changes may occur with large 
central posterior fossa arachnoid cysts. The dis- 
tinguishing features are that the fourth ventricle is 
separated from the cyst and the cerebellum is either 
normally developed and displaced or deformed by 
the cyst or shows focal hypoplasia adjacent to it 
(Figs. 19 and 27). Arachnoid cvsts in general are 
recognized as rounded or irregularly shaped regions 
of similar attenuation to that of c.s.f. which show no 
enhancement (Banna, 1976). ‘Their 
situation is easily recognized in all regions, except 
for those arising in the suprasellar and quadrigeminal 
cisterns. These may be confused with dilatation of 


extracerebral 


the third ventricle and its recesses, but the width of 


the cysts is usually greater than that of the ventricle 
and this is a helpful feature in differentiation. The 
cysts in other situations are associated with focal 
hypoplasia or displacement of the adjacent brain 
(Fig. 28); they frequently expand the vault and, by 
virtue of their position, may cause hydrocephalus 





Fic. 27. 
Arachnoid cyst over cerebellar convexity. Unenhanced scan 
There is a large, fluid-filled cyst posterior to the right 
cerebellar hemisphere extending across the midline and 
expanding the overlying bone. The fourth ventricle is 
displaced anteriorly towards the left side by it. There is 
moderate dilatation of the ventricular system. The 
cisterns are normal 


basal 





Fic. 28. 


Left anterior temporal arachnoid cyst extending over inferior 

frontal convexity. The overlying vault is expanded and 

thinned. The left temporal lobe is hypoplastic and the cyst 

extends down to the insula, between it and the temporal and 

frontal opercula. The lateral ventricles are displaced slightly 
towards the right side. 
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Fic. 29, 


Hamartoma. Causes a small mass of brain attenuation within 
and above the interpeduncular fossa. 


Tumours presenting within the first two months 
of life are classified as congenital (Arnstein et al., 
1951) and two gliomas in this category were examined 
but since they have similar features to the more 
common acquired ones they will not be discussed 
further. Other tumours arising at any time of life 
but derived from abnormal cell rests such as pineal 
teratomas and craniopharyngiomas are also too large 
a subject for inclusion. The low attenuation of 
lipomas is diagnostic, and precocious puberty associ- 
ated with small masses of brain attenuation in the 
interpeduncular region is typical of hamartoma 
(Fig. 29). 

Megalencephaly may be associated with spongi- 
form degeneration and other hereditary leukodystro- 
phies. It also occurs as an isolated feature with or 
without a family history of large heads. In these 
cases the excessive cerebral substance appears nor- 
mal and the ventricles may be normal or slightly 
dilated. Up to the present time we have found no 
other abnormality in any cases with a benign family 
history of macrocrania, though we are continuing 
to evaluate them. In other groups CAT is necessary 
to exclude hydrocephalus and subdural haematoma. 

About 50%, of our paediatric CATs are normal; 
congenital malformations account for approximately 
25% of the rest. Prior to CAT most of these cases 
were subjected to invasive procedures which are now 
rarely necessary for diagnostic purposes but may be 


indicated prior to surgery. The contribution of CAT 
to the management of these cases is apparent. 


REFERENCES 

ARNSTEIN, L. H., BoLprey, E., and Narrzicer, H. C., 1951. 
Case report and survey of brain tumours during neonatal 
period. Journal of Neurosurgery 8, 345-319. 

Banna, M., 1976. Arachnoid cysts on computed tomography 
American Journal of Roentgenologv, Radium Therapy and 
Nuclear Medicine, 127, 979-982. 

BrnGERON, R. T., 1967, Pneumographic demonstration of 
subependymal heterotopic cortical grey matter in children. 
American Journal of Roentgenology, Radium Therapy and 
Nuclear Medicine, 101, 168-177. 

Broun, A., and Pnonsr, F., 1973. The influence of associated 
cerebral lesions on the morphology of the acollosal brain. 
Neuroradiology 6, 121—131. 

ENZMANN, D. R., Havwanp, R. W., Norman, D., and 
Dunn, R. P., 1977. Cranial computed tomographic scan 
appearance of Sturge-Weber disease: unusual presenta- 
tion. Radiology, 122, 721—724. 

Harwoop-Nasu, D., 1977. Cranio-cerebral malformations. 
Seminars in Roentgenology, 12, 39-51. 

HiraL, S. K., SoLoMoN, G. E., GOLD, A. P., and Carrer, S., 
1971. Primary cerebral arterial occlusive disease in chil- 
dren. II. Neurocutaneous syndromes. Radiology, 99, 87— 
94, 

Horr, J. F., and Kunns, L. R., 1976. Macrocrania and 
macroencephaly in neurofibromatosis. Skeletal Radiology, 
1,25-28. 

James, A. E., Donsr, J. P., MaruEws, E. S., and MCKUSECK, 
V. A., 1972. Hydrocephalus in achondroplasia studied by 
cisternography. Paediatrics, 49, 46-49. 

Kapp, J. P., PaAuLsoN, G. W., and Opom, G. L., 1967. Brain 
tumours with tuberous sclerosis. Journal of Neurosurgery, 
26, 191-202. 

KrNDALL, B. E., Craver, L. E., and Quiroca, W., 1977. 
CAT in leukodystrophy and neuronal degeneration. In 
Computerised Axial Tomography in Clinical Practice, pp. 
191-202. Eds. E. P. G. H. du Boulay and I. F, Moseley. 
(Springer Verlag, Berlin). 

KunLANDER, G. H., DeMyer, W., CAMPBELL, J. A., and 
Tays, H., 1966. Roentgenology of holoprosencephaly. 
Acta Radiologica (Diagnosis), 5, 25-40. 

METTLER, F. A., 1947. Congenital malformations of the 
brain. Journal of Neuropathology and Experimental Neur- 
ology, 6, 98-110. 

Pinto, R. S., Georce, A. E., KosLaw, M., and Barasen, G., 
1975. Neuroradiology of basal anterior fossa encepholo- 
celes. Radiology, 117, 79-85. 

Pnonsr, F., 1973. Congenital defects of the corpus callosum. 
Morphological and encephalographic appearances. Acta 
Radiologica Supplement, 331. 

Ropricues, N. A., and Morgan, B., 1966, Multiple primary 
intracranial tumours in von Recklinghausen's neurofibro- 
matosis. Archives of Neurology, 14, 467—475. 

WrsENBERG, R. L., Jun, J. H., and Davnrz, J. R., 1966. 
Radiological findings in lissencephaly. Radiology, 87, 437- 

5 

YakovrEv, P. I., and WapswonTH, R. C., 1946a. Schizen- 
cephalies, A study of congenital clefts in the cerebral 
mantle. I. Clefts with fused lips. Journal of Neuropathology 
and Experimental Neurology, 5, 116—130. 

1946b. Schizencephalies. A study of congenital clefts in 
the cerebral mantle. HI. Clefts with hydrocephalus and 
lips separated. Journal of Neuropathology and Experimental 
Neurology, 5, 169-206. 





190 


1978, British Journal of Radiology, 51, 191-195 


Marcu 1978 


loglycamide (Biligram) studies in man. Radiological opacification 
of the bile duct. A comparison of a number of different 


methods" 


By G. D. Bell, M.D., M.Sc., M.R.C.P.,t J. Frank, M.B., B.S., D.R.C.O.G., D.M.R.D., M. Fayadh, M.B., 
B.Ch., M.R.C.P., P. L. C. Smith, M.B., B.S., and I. Kelsey Fry, D. M., F.R.C.P., F.R.C.R. 


Departments of Gastroenterology and Diagnostic Radiology, St. Bartholomew's Hospital, London, E.C.1 


( Received February, 1977) 


ABSTRACT 

Intravenous cholangiography was carried out in 80 
anicteric patients using ioglycamide (Biligram). Twenty 
patients were given a 30 ml ampoule of 35°, ioglycamide as 
a slow hand injection over ten minutes; the remainder were 
given ioglycamide by one hour slow drip infusion at a rate of 
2, 3 or 4 mg per kg body weight per minute. The radio- 
logical opacification of the bile duct was then assessed 
independently by two radiologists. There was a statistically 
significant difference between the bile duct opacification 
found in patients given either 3 or 4 mg/kg/min of iogly- 
camide for one hour compared with those given ioglycamide 
either by ten minute injection or by 2 mg/kg/min drip 
infusion. 


Drip infusion techniques have largely supplanted 
bolus injection methods for intravenous cholangi- 
ography. This is partly because drip infusion is 
associated with fewer side effects (Feldman and 
Keohane, 1966; McNulty, 1968; Ansell and Faux, 
1973), and partly because there is some evidence 
that drip infusion gives better visualization of the 
bile ducts (Bornhurst et aL, 1968; Payne, 1968; 
Allen, 1969), Some workers have, however, failed to 
show any difference in bile duct opacification 
between the two methods (Darnborough and Geffen, 
1966; Margolin and Obata, 1968; Scholz et al., 
1975). 

In a recent survey (Bell et al., 1975) we found that 
infusion rates for cholangiography varied from as 
much as 15 mg/kg/min to as little as 2 mg/kg/min. In 
an attempt to establish an optimal rate of infusion we 
have recently studied the biliary concentration of 
iodine following various rates of infusion of iogly- 
camide to patients with a T-tube zn situ (Bell et al., 
1978). This study has shown that an optimum 
concentration of iodine in the common bile duct can 
be obtained when ioglycamide is infused at a rate of 
4 mg/kg/min for one hour. The biliary iodine 





*This work had received the approval of the St. Barthol- 
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consent of the patients was obtained before the investigations 
were performed. 
TPresent address: University Department of Therapeutics, 
City Hospital, Hucknall Road, Nottingham. 

Research carried out whilst holder of the Mackenzie 
Mackinnon Streatfield Research Fellowship. 


concentration achieved at this infusion rate was 
about 25% higher than that found when ioglycamide 
was infused at 2 mg/kg/min. A similar difference has 
been shown between the iodine concentration in the 
bile following infusion at a rate of 4 mg/kg/min and 
that following a ten minute injection of 30 ml of 3597, 
ioglycamide (Biligram). These findings in man have 
confirmed our previous results in the rhesus monkey 
(Whitney and Bell, 1972, 1976). 

The present study was designed to show whether 
the 255; greater biliary iodine concentration achieved 
at the higher infusion rate was accompanied by an 
observable improvement in bile duct opacification. 
We have taken a series of anicteric patients referred 
for intravenous cholangiography and assessed the 
opacification of bile duct achieved as a result of 
performing the investigation, (a) by a bolus in- 
jection or (b) by drip infusion using a range of 
different infusion rates. 


MATERIALS AND METHODS 
The patients 
Only patients with a serum bilirubin below 25 
mmol/l (1.5 mg/l00 ml) and a serum alkaline 
phosphatase below 300 i.u./| (normal laboratory 
range 25-100 i.u./l) were included in the study. The 
age and weight of each patient was recorded, as was 
the kilovoltage used for radiography. In those 
patients given ioglycamide by drip infusion the rate 
of intravenous administration of the contrast agent 
was controlled using an IVAC 531 pump (lvac 
Corporation, Harrow, Middlesex). 
The following four groups of patients were 

studied. 
(1) Ten minutes bolus injection of 30 ml 35% iogly- 

camide— 20 patients. 

Films were taken 20, 30, 40 and 60 minutes 

after the end of the injection. 
(2) One hour drip infusion of ioglycamide at a rate of 

2 mg/kg/min—20 patients. 
(3) One hour drip infusion of ioglycamide at a rate of 

3 mgikgimin— 20 patients. 
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(4) One hour drip infusion of ioglycamide at a rate of 
4 mglkgimin-—20 patients. 

In all three infusion groups the first film was 
taken within ten minutes of the end of the infusion 
while further films were taken as indicated over the 
next 60 minutes. 


Radiological assessment 

The two radiologists (I.K.F. and J.F.) graded the 
films without knowledge of the technique used to 
perform the cholangiogram. The best film from each 
patient's cholangiogram was taken and the opaci- 
fication of the bile duct assessed. The opacification 
of the duct was assessed by each of the two radi- 
ologists independently and scored on a scale from 
9 (no visualization) to 4 (excellent visualization). 
The intermediate grades 1, 2 and 3 represented 
opacification judged to be poor, moderate or good 
respectively. The mean of the scores for each of the 
two radiologists was recorded as a final score for 
each patient. 


Statistical comparison of the radiological assessments 
For statistical comparison the films were divided 
into three groups, Those with a mean score of 0, 
0.5 or 1.0 were grouped together and graded as 
failed/poor. Those with a mean score of 1.5, 2.0 or 
2.5 were grouped together and graded as moderate 
opacification, while the films with a mean score of 
3.0, 3.5 or 4.0 were classified as showing good 
visualization of the bile duct. The total number and 
percentage of patients having cholangiograms which 
were graded as either (a) failed/poor (b) moderate or 
(c) good were then calculated for each group 
studied. The statistical comparison of these differ- 
ences was then assessed using the X-squared test. 


RrsuLTS 
Ten minute bolus injection of 30 ml 35%, ioglycamide 
(70.5 g) 
In this group there were five males and 15 fe- 
males. The mean age was 50.1 years (range 25-87) 
and the mean weight was 65.9 -13.5 kg. The mean 


kV used was 74.4--1.7. The mean serum bilirubin 
and alkaline phosphatase levels were 9.1-+-5.0 
mmol/l and 91.3 3-55.0 i.u./1. respectively. 


One hour infusion of ioglycamide at 2 mg|kg|min. 

In this group there were 11 males and nine fe- 
males. The mean age was 56.8 years (range 28-76) 
and the mean weight was 70.0--13.4 kg. The 
average patient received a total of approximately 
8.4 g of ioglycamide. The mean kV used was 76.6 + 
1.8. The mean serum bilirubin and alkaline phos- 
phatase levels were 10.84-5.1 mmol/l and 73.6. 
23.7 i.u.[l respectively. 


One hour infusion of ioglycamide at 3 mp|kg|min. 

In this group there were eight males and 12 fe- 
males. The mean age was 47.3 years (range 21-71) 
and the mean weight was 69.5 49.9 kg. The average 
patient received a total of approximately 12.5 g of 
ioglycamide, The mean kV used was 75.6 4- 1.4, The 
mean serum bilirubin and alkaline phosphatase 
levels were 9.0--6.0 mmol/l. and 93.0 4-67.0 i.u./l 
respectively. 


One hour infusion of ioglycamide at 4 mg/kg/min. 

In this group there were seven males and 13 
females. The mean age was 55.3 years (range 25-79) 
and the mean weight was 63.9-+-11.0 kg. The average 
patient received a total of approximately 15.3 g of 
ioglycamide, The mean kV used was 75.9 4-2.2. The 
mean serum bilirubin and alkaline phospatase levels 
were 11.0+-6.0 mmol/l and 101.0--85.0 i.u./l 
respectively. 


Radiological assessment 

On the 0-4 scale the two radiologists gave 40 of 
the examinations the same score. Radiologist A gave 
higher scores than Radiologist B in 16 cases, and 
Radiologist B gave higher scores than A in 24 cases. 
The difference between the two independent assess- 
ments was -+1 grade in 36 cases and 4-2 grades in 
four cases, 


TABLE I 
RADIOLOGICAL ASSESSMENT OF BILE DUCT OPACIFICATION 





Mean radiological assessment of bile duct opacification 
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Moderate | Good | No. of patients 
5 | 10 20 ~ 
8 6 20 
13 7 20 
9 11 20 
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FAILED / POOR 





ES MODERATE 

JOGLYCAMIDE ES coop 
10 MINUTE 
bolus INJECTION 

(N+ 20) 
10GLYCAMIDE 
1 HOUR INFUSION 
2 mg/kg/ min 

(N20) 
10GLYCAMIDE 
1 HOUR INFUSION 
3 mg/kg’ min 

(N« 20) 
1OGLYCAMIDE 
1HQUR INFUSION 
4 mg/kg! min 

(N«20) 





Fic. 1. 


Radiological assessment of bile duct opacification—chol- 
angiogram performed using ioglycamide. There is no 
difference between the ten minute bolus injection method 
and a one hour intravenous infusion at 2 mg/kg/min. When 
the infusion rate was increased to either 3 or 4 mg/kg/min 
then there were significantly less technically unsatisfactory 
examinations—see text. 


The number of cholangiograms recorded as 
failed/poor, moderate or good is shown in Table I. 
The percentage of patient's cholangiogram films in 
each of these groups is illustrated in Fig.1. 


Statistical comparison (see Table IT) 

There was no difference in the mean scores of the 
ioglycamide ten minute bolus injection group when 
compared with the group of patients given iogly- 
camide as a one hour drip infusion at a rate of 2 mg/ 
kg/min. The mean scores of the patients given 
ioglycamide at a rate of 3 mg/kg/min for one hour 
was significantly better than those given only 2 
mg/kg/min for a similar length of time. Similarly, 
the mean score of the 20 patients given 4 mg/kg/min 
for one hour was significantly better than the 20 
patients given only 2 mg/kg/min. The mean scores 
of the patients in the 3 mg/kg/min and 4 mg/kg/min 
were both significantly better than those of the 20 
patients given a ten minute bolus injection of 
ioglycamide. It can be seen from Fig.1 that the main 


TABLE II 
STATISTICAL COMPARISON OF BILE DUCT OPACIFICATION 


[ 
Groups to be compared xs 





p value 





Ioglycamide bolus injection 





v. 1.78 N.S, 
1 h drip infusion 2 mg/kg/min 


Ioglycamide 1 h infusion 
3 mg/kg/min 

v. 7.27 0.03 
1 hinfusion 2 mg/kg/min 


loglycamide 1 h infusion 
4 mg/kg/min 

v. 7.53 0.03 
1 hinfusion 2 mg/kg/min 


Ioglycamide 1 h infusion 
3 mg/kg/min 

v. 6.01 0.05 | 
bolus injection 


Ioglycamide 1 h infusion 
4 mg/kg/min 

v. 6.19 0.05 
bolus injection 
Ioglycamide 1 h infusion 
4 mg/kg/min 

v. 0.91 N.S. 
1 h infusion 3 mg/kg/min 

















differences between the 3 and 4 mg/kg/min groups 
and either the 2 mg/kg/min infusion group or the 
ten minute bolus injection method is the 25 to 30% 
reduction in the number of technically unsatisfactory 
examinations. (i.e. the failed/poor group with a mean 
score of 1.0 or less). There was no difference in the 
mean bile duct opacification of the 20 patients 
given 4 mg/kg/min when compared with the 20 
patients receiving only 3 mg/kg/min. 

It is general experience that the opacification of 
the bile duct achieved in the heavier, more obese 
patients tends to be inferior to that achieved in the 
lighter, thinner subject. Because the mean body 
weights of each group are not quite comparable we 
correlated the patient’s weight in each group of 20 
patients with the mean score for the cholangiogram 
and Spearman’s Rank correlation coefficient was 
computed. None of the four groups of 20 iogly- 
camide patients had values which were significantly 
different from zero. 


Side effects 

Of the 20 patients given a ten minute injection of 
ioglycamide (10.5 g), three patients experienced 
nausea and felt faint during the injection, one 
patient developed an urticarial skin erruption and 
two patients complained of a metallic taste in the 
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mouth, No patient in any of the three ioglycamide 
infusion groups complained of feeling faint or 
experienced nausea during the infusion of the 
contrast agent. A slight metallic taste in the mouth 
was noted near the end of the one hour infusion by 
four patients—two patients had received iogly- 
camide at the rate of 3 mg/kg/min while a further 
two patients were given 4 mg/kg/min. 


DISCUSSION 

The results of this study show that it is possible to 
reduce the number of technically unsatisfactory 
intravenous cholangiograms significantly by in- 
fusing ioglycamide at a rate of 3 to 4 mg/kg/min for 
one hour. We have previously shown that in patients 
with a T-tube in situ, near maximum biliary con- 
centrations of the compound were obtained by 
infusing the ioglycamide intravenously at a rate of 
4 mg/kg/min for 60 minutes (Bell et al., 1978). When 
an infusion rate of only 2 mg/kg/min was used the 
resulting concentration of ioglycamide (and hence 
iodine) in the bile were about 75°% of that achieved 
using the 4 mg/kg/min régime (Bell et al., 1978). It is 
clear from the present results that relatively small 
changes in the concentration of contrast material in 
the bile duct can be detected radiologically and 
might be clinically important. 

The visualization of the bile duct in those patients 
given a ten minute injection of 10.5 g ioglycamide 
was very similar to that achieved when ioglycamide 
was given via a drip at a rate of 2 mg/kg/min for one 
hour. When the rate of the one hour drip infusion 
was increased from 2 to 3 mg/kg/min, however, the 
resulting radiographs were significantly better than 
those obtained by the hand injection technique. The 
difference between the results obtained by the two 
cholangiographic methods was even more marked 
when the one hour infusion was performed at a rate 
of 4 mg/kg/min. 

The rate of intravenous administration of the 
cholangiographic agent is clearly of importance, 
since too slow a drip rate will fail to give optimal 
biliary concentrations of iodine while too rapid a 
rate of infusion is likely to be associated with an 
increased incidence of toxic side effects. Differences 
in the actual rate of infusion and the total time taken 
to administer the contrast agent may explain some of 
the conflict in the literature regarding the relative 
efficacy and safety of the drip infusion and hand 
injection methods for performing intravenous 
cholangiography (Darnborough and Geffen, 1966; 
Feldman and Keohane, 1966; Wax and Crummy, 
1966; Wangermez and Wangermez, 1967; Born- 
hurst et al., 1968; Cooperman et al., 1968; Foy, 1968; 


Margolin and Obata, 1968; McNulty, 1968; Russell, 
1968; Nolan and Gibson, 1970; Moss et al., 1973; 
Scholz et al., 1975). 

Scholz et al. (1975) studied four dosage régimes 
for performing cholangiography using iodipamide. 
The highest infusion rate used by them was (for 
an average 70 kg patient) of the order of 10 mg/kg/ 
min over a 30-minute period. This infusion rate was 
24 times the maximum rate used in the present 
study and not surprisingly therefore, their patients 
suffered from a much higher incidence of side effects. 

'The results of our present study in anicteric 
patients do not permit us to make any recommenda- 
tions regarding the optimal rate for administering 
ioglycamide to jaundiced patients. Whether the 
slow overnight drip infusion cholangiography 
method recently advocated by Fuchs and Preisig 
(1975) can be further improved by other infusion 
régimes awaits further study. 

On the basis of our findings both in this study and 
also those previously reported in patients with a 
t-tube in situ (Bell et al., 1978) we recommend that 
in anicteric patients an intravenous cholangiogram 
using iogylcamide is best performed using a one 
hour drip infusion method rather than a ten minute 
bolus injection technique. The ioglycamide should 
be administered at a rate of 3 to 4 mg/kg/min. In an 
average 70 kg patient, infusion rates of this order 
can be achieved by giving the patient a 100 ml bottle 
of the commercially available 17°, Biligram over 
one hour. 
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length of its predecessor, reflecting perhaps the increasing 
complexity of the issues involved in radiological protection. 
Not only are new units introduced (the sievert as the unit of 
dose-equivalent, 1 Sv — 100 rem), but also new terminology. 
Radiation effects are classified as stochastic and non- 
stochastic. The former include such effects as the induction 
of malignancies and hereditary damage where the risk may 
increase progressively with increasing dose and there is no 
threshold. Non-stochastic effects are those whose severity 
may increase with dose, but only above a quite high thresh- 
old dose. Cataract of the lens, non-malignant damage to skin 
and impairment of fertility fall in this category. 

Much more emphasis is now placed on the importance of 
justifying every procedure involving radiation exposure, and 
to do this the benefits to be expected must be weighed 
against the detriment that may be caused, The protection for 
any procedure must also be "optimized" to ensure that 
radiation exposures are not only kept below the specified 
dose limits, but are kept “as low as reasonably achievable, 
economic and social factors being taken into account”. The 
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current vogue of cost-benefit analysis is therefore advocated 
with some suitable algebraic expressions thrown in to give an 
illusion of precision to a reality which is still bound to be 
very imprecise and subject to personal value judgements. 

The term dose-equivalent limit (DEL) is now to be used 
instead of maximum permissible dose. For the radiation 
worker the annual DEL for uniform whole-body exposure 
remains the same, namely 50 mSv (5 rem), but the previous 
quarterly limit of 3 rem and the formula limiting the dose 
equivalent at age N years to 5(N-18) rem have now been 
removed from the recommendations. Most of the limits for 
tissues and organs irradiated singly have been raised (from 
50 to 200 mSv for gonads is an example). An exception is the 
DEL for extremeties, which are no longer listed separately 
and must therefore be controlled by the value of 500 mSv for 
skin. 

Unfortunately the reader has to dig quite deeply to 
elucidate such basic facts. There is no helpful summary 
table of dose limits as appeared in ICRP Publication 9, and 
the text as a whole is far less readable. It is doubtful if many 
radiologists (to whom the section on medical exposure is 
particularly relevant) or even hospital physicists will ever 
take the trouble to read the document right through. A 
similar conclusion may have been reached by the National 
Radiological Protection Board which has thoughtfully 
produced a very useful summary (NRPB—R63, HMSO, 
1977). J. L. HAYBITTLE. 
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ABSTRACT 

A study of repeat myelograms carried out in 93 patients 
revealed that the incidence of thecal scarring following 
Conray lumbar radiculography is high (61% of all cases), 
and only slightly lower than that found after Myodil my- 
elography (7455). Possible factors affecting the incidence of 
arachnoiditis and the radiological and clinical significance of 
this condition are considered. 


Thecal deformity is the radiological manifestation of 
chronic arachnoiditis which has long been recog- 
nized as a complication of myelography with the 
oil-based contrast medium, iophendylate (Myodil) 
(Hurteau et al., 1954; Davies, 1956). This iatrogenic 
condition has been implicated as the cause of chronic 
signs and symptoms referable to the lumbar spine 
(Halaburt and Lester, 1973; Suolanen, 1975). Con- 
sequently, many radiologists attempt to aspirate 
Myodil immediately after using it (Ritchie and 
Sinclair, 1972; Peterson, 1975). The favourable 
reception in the 1960s, and subsequent acceptance of 
the water-soluble contrast agents meglumine iothal- 
amate (Conray 280) and its dimer, meglumine 
iocarmate (Dimer X), for lumbosacral radiculogra- 
phy were based as much on the belief that they were 
safer (Gonsette and André-Balisaux, 1968; Ahlgren, 
1969; Praestholm and Lester, 1970), as upon their 
undoubtedly greater yield of diagnostic information 
(Occleshaw and Holyland, 1971; Grainger et al., 
1971). 

Subsequent reports from Scandinavia indicated 
that the risks of thecal scarring with the meglumine 
salts is also significant (Autio et al., 1972; Halaburt 
and Lester, 1973; Irstam, ef al, 1974). These 
reports coincide with the introduction of metriza- 
mide (Amipaque, Nyegaard), a substance which 
Skalpe and Amundsen (1975) claim is non-toxic to 
the spinal cord and meninges. A multicentre analysis 
of repeat water-soluble myelograms of 138 patients 
who had previously undergone metrizamide my- 
elograms, reported by Grainger et al. (1976), re- 
vealed only one instance of thecal scarring, which 
was found in a patient submitted to interval surgery. 

An attempt is made in this paper to assess the 
long-term effects of Myodil and Conray myelogra- 
phy upon the spinal theca, by comparing the ap- 
pearances of the initial and repeat myelograms of 


patients who were first examined with one of these 
substances, and attempting to determine the in- 
cidence of thecal scarring attributable to the contrast 
medium. 


CONTRAST ARACHNOIDITIS AND CRITERIA 
FOR ITS DIAGNOSIS 

The radiological appearance of the lumbar theca 
damaged by water-soluble contrast media has been 
recognized in recent years and several authors claim 
that it forms a distinct entity (Ahlgren, 1973; Irstam 
and Rosencrantz, 1973). Local deformities limited to 
the site of disc herniation and/or operation, such as 
root shortening, irregularity or blunting of root 
sheaths, may be the result of pre-existing pathology 
or operative trauma, thus they cannot be considered 
to be caused by the contrast medium. Identical 
changes may be seen after Myodil myelography but 
they may be. difficult to identify if the repeat ex- 
amination is also an oil myelogram or if an extensive 
operative procedure has been performed (Moseley, 
1977). 

The most subtle evidence of thecal fibrosis is 
shortening, smoothing and rounding of the root 
sheaths, which assume a blunted appearance, and in 
which the nerve roots themselves are not well seen 
(Fig. 1). These changes are bilateral and invariably 
first involve the sacral cul-de-sac and nerve root 
sheaths. Later the deformity is evident more 
cranially, affecting the lower lumbar root sheaths. It 
rarely extends above the level of the fourth lumbar 
vertebra and an abrupt transition from abnormal to 
normal theca can always be observed. 

If the initial myelogram was made with Myodil, 
immobile oil residues in the form of droplets or 
streaks within the spinal canal or root sheaths may 
be seen. If the repeat examination is also an oil 
myelogram, these immobile residues may be the 
only evidence of a minimal arachnoiditis: the nor- 
mal root sheaths do not fill well with Myodil and 
their apparent absence may not be significant. 

A more advanced form, in terms of radiological 
severity, shows obliteration of root sheaths, a smooth 
silhouette and a sacral cul-de-sac that presents a 
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A Fic. 1. n 


Conray arachnoiditis. (A) Initial examination with Conray 280, Oblique view showing normal appearances of root sleeve 
and nerves, (B) Repeat examination 28 months later, no interval operation. Same oblique projection shows obliter 
the caudal sacral root sleeves and blunting of the SI nerve root pouch. Note dense homogeneity of contrast r ium d 


it 


to disappearance of the sacral fila radicularia. Fairly abrupt transition to normal appearances above this leve 


homogenous appearance, the individual fila radi- In the most florid form of scarring, there is complet 
cularia no longer being visible within the affected obliteration of the thecal space and lumbar puncture 
thecal space. The thecal tube may be narrowed fails. 


concentrically and the cul-de-sac shortened; it may All these features were noted in the patients in 
have a tapering “rat’s tail" appearance and the out- this series. In a number, abnormally thickened 
line is sometimes markedly irregular (Figs. 2 and 3). nerve roots were observed within the contrast 
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A I 
Di irichnoiditi 
ther nt e root 
r n. Note gross cor 





B 


(a) Initial examination with Dimer-X. Frontal view showing lumbosac ral disc protrusion, compressing 
Lhe sacral root sleeves and a small cyst outline well. (B) Repeat examination 13 months later, no interval 
striction of the lower thecal tube and shortening of the sacral cul-de-sac 


, producing an irregular 


“rat's tail” silhouette 


column above the level of the transition from dam- 
iged to normal theca. The criteria used to reach the 
diagnosis of contrast arachnoiditis are: (1) blunting 
of of root sheaths; (3) 
homogeneity of sacral cul-de-sac (absence of the fila 
radicularia); (4) constriction of the thecal tube; (5) 
idherent oil re sidues 


root sheaths; (2) absence 
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PRESENT SERIES—METHODS AND REsUI 

During the past five years 1620 myelograms have 
been performed in the Wessex Neurological Centre, 
Southampton, of which 600 were water soluble 
lumbar radiculograms. Conray 280 was used for all 
but a few of the latter and Myodil for all the oil 


examinations. A proportion of these patients was 
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examined more than once, and a total of 93 was been submitted to myelography, operation or spinal 
collected in whom the radiographs of the first and injection prior to the initial examination. 

second examinations were available for comparison. In nearly all the initial myelograms, 8 ml of 
Excluded from the series were patients who had — Myodil were injected and the entire spine was 





A Fic. 3. n 


Myodil arachnoiditis. (A) Initial examination with Myodil. Oblique view showing normal appearances. The root sleeves fill 

poorly but the fila radicularia are well seen within the thecal tube. (B) Repeat examination with oil six months later, no 

interval operation. Note three features of adhesive arachnoiditis: fixed oil droplets within the sacral canal and along the root 

sheaths; marked irregularity of the thecal tube which is constricted and loculated caudally; and matting of the nerve roots, 
shown here at the L4-5 level. Above this deformity, the thecal tube and its contents outline normally. 
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examined with the patient in the prone, supine and 
erect positions. In only two of these patients was the 
contrast medium aspirated at the end of the pro- 
cedure. Nearly all the water-soluble radiculograms 
were performed with the patient erect: the rest were 
carried out in the semi-erect position (45 deg to the 
horizontal). An adequate volume of contrast medium 
was injected to opacify the thecal sac to the level of 
the L2-3 disc space. In about one-quarter of the 
examinations the contrast medium was mixed with 
2 ml of cerebrospinal fluid prior to injection. After 
the examination as much as possible of the opacified 
fluid was drawn off, but this usually amounted to 
only a few ml lying above the level of the needle. 

'The time interval between first and second my- 
elograms was noted, as well as interval events such as 
laminectomy, disc excision or epidural injection. 
Manipulations under anaesthetic and traction were 
classified as part of conservative management. Cere- 
brospinal fluid analysis was performed in each 
patient. Traumatic punctures were noted as being 
technically difficult: in one instance uniformally 
blood-stained cerebrospinal fluid was still obtained 
at the end of the procedure. 

During interpretation attention was paid to the 
criteria for the radiological recognition of contrast 
arachnoiditis but in each case the diagnosis of thecal 
scarring depended on the authors being able to 
demonstrate incontrovertible changes between the 
first and second myelograms which could be at- 
tributed to the initial contrast medium. The results 
are set out in Tables I and IT. 


Discussion 
Several factors may influence the incidence of 
thecal scarring following myelography. 


TABLE I 
INCIDENCE OF THECAL DEFORMITY FOLLOWING 
Monti, MYELOGRAPHY 











(1) Choice of contrast medium 

A tabulated review of the results of other series 
(Table III) confirms the present author's findings in 
respect of the incidence of thecal scarring after 
Conray radiculography. Since Ahlgren (1973) in his 
patients found that Dimer X caused even more 
scarring than Conray—55°% compared with 47%— 
it would appear that there is little to choose between 
the two commonly used water-soluble media; both 
are equally hazardous in this respect, and only 
slightly less likely to scar the theca than Myodil. 

The average volume of contrast medium required 
in the erect patient to opacify the theca to the level 
of the L2-3 disc space is 9 ml and doses of this 
magnitude are used regularly in the Wessex Neuro- 
logical Centre. Slütis et al. (1974) have shown that 
the osmolarity of the cerebrospinal fluid increases 
with increased volumes of contrast medium, and 
that this rise in osmolarity is most marked and more 
persistent caudally. By showing that thecal scarring 
is greatest where there has been the largest rise in 
fluid osmolarity during myelography, and that this 
rise is greater with larger contrast volumes, it may be 
inferred that the incidence of thecal scarring is 
directly proportional to the volume of contrast 
medium used. Support for this view comes from the 
results of Irstam et al. (1974), who found a low 
incidence of thecal scarring in patients in whom 
only 4 ml were injected. Similarly, Ahlgren (1973) 
reported a positive correlation with volume for 
Dimer X when used in volumes larger than 6 ml. 
However, he was unable to demonstrate a convincing 
correlation between scarring and volumes of Conray 
up to 7.5 ml. Despite Ahlgren's negative results, the 
authors believe that contrast volume is probably a 
significant factor in the production of thecal scarring, 
certainly in large doses. 


TABLE II 


INCIDENCE OF THECAL DEFORMITY FOLLOWING 
CoNRAY RADICULOGRAPHY 


























[ee AP | Numbers (and 
| Numbers (and Total percentage) 
| Total percentage) numbers of | showing thecal 
| numbers of | showing thecal patients scarring 
| | patients scarring i — MM — 
| m —À Radiculography only. 
| Myelography only, No i No operation or 
| operation or procedure 18 12 (6694) procedure 20 10 (5095) 
Mvelography and Radiculography and 
laminectomy 34 27 (80%) laminectomy 16 11 (68%) 
Myelography and Radiculography and 
epidural injection 2 1 (50%) epidural injection 3 3 (10094) 
Total | 54 40 (74%) Total 39 24 (6192) 
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TABLE HI 
INCIDENCE OF CONTRAST ARACHNOIDITIS FOLLOWING CONRAY RADICULOGRAPHY: COMPARISON OF RESULTS 









































Patient totals (operated Numbers showing Incidence of arachnoiditis | 
and non-operated) positive signs (operated as percentage (operated 
excluding epidurals and non-operated) and non-operated) 
Halaburt and Lester (1973) 46 (33 + 13) 12(—) 
Ahlgren (1973) 76 (58 + 18) 36 (28+ 8) 
Irstam, Sundström, Sigstedt 
(1974) 25 (13+ 12) 4( 3+ 1) 16.0% (23% + 894) 
Southampton (1977) series 36 (16 + 20) 21 (11--10) 58.395 (6894 + 50%) 
-, 





(2) Technical aspects 

Traditionally, the presence of blood in the cere- 
brospinal fluid was regarded as a contra-indication 
to myelography because of the increased risk of 
arachnoiditis (Howland and Curry, 1963). More 
recent work challenges the view that blood raised 
the incidence of chronic arachnoiditis following oil 
or water-soluble examination (Ritchie and Sinclair, 
1972; Jacobson, 1973). In the present series, no 
correlation was found between traumatic lumbar 
puncture and subsequent thecal scarring. 

Aspiration of Myodil is widely practised and 
advocated (Peterson, 1975) but the removal must be 
complete, if the procedure is to be of any value. This 
manoeuvre was never universally adopted in England, 
and in the present series there are only two patients 
in whom a wholly successful aspiration of Myodil 
was achieved, and both subsequently showed thecal 
scarring! The miscible properties of the water- 
soluble media make total removal impossible, and 
the sacral cul-de-sac invariably remains densely 
opacified. Of five patients in whom a large volume of 
opacified cerebrospinal fluid was removed (about 
5 ml, compared with 9 ml of Conray injected), four 
showed subsequent scarring. 


(3) Interval laminectomy and epidural injection 

Lumbar laminectomy may give rise to a diffuse 
arachnoiditis, irrespective of whether the theca is 
pierced at operation and irrespective of the amount 
of extradural bleeding (Smolik and Nash, 1951; 
Epstein, 1968). In the present series, both in the 
Myodil and in the Conray group, an interval pro- 
cedure significantly increased the incidence of thecal 
deformity (80° compared with 66% for Myodil; 
6894 compared with 50% for Conray). This finding 
confirms those of Ahlgren (1973) and Irstam et al. 
(1974). The high incidence of scarring found in 
operated cases may therefore merely represent an 
aggregate total from two different causes. 
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Five patients underwent interval epidural in- 
jection and four showed thecal scarring upon repeat 
examination. Arachnoiditis has been reported after 
spinal anaesthesia in a few cases (Kennedy ef al., 
1945; Greene, 1961). 


(4) Time elapsed between myelographic examinations 

The average interval between examination in the 
Conray group was 16 months in those patients with 
positive signs of thecal scarring. By comparison, 
conservatively managed patients examined initially 
with Myodil with positive evidence of scarring were 
re-examined after an average interval of only seven 
months. This finding may indicate that thecal scar- 
ring develops more rapidly following the use of 
Myodil than after Conray. It is possible that if the 
Conray patients had been examined later still, more 
cases of thecal scarring would have been found. 


(5) Clinical significance of thecal scarring 

What is the significance of the thecal scarring 
found upon repeat myelography in the patient with 
chronic back pain? Previous authors, notably Jorgen- 
sen et al. (1975) have found no good correlation 
between the symptomatology, radiological appear- 
ances and surgical findings in patients in whom a 
radiological diagnosis of chronic arachnoiditis is 
made. In a few cases it has been implicated as the 
cause of the symptoms (Halaburt and Lester, 1973; 
Suolanen, 1975). Although no definite symptom 
complex of contrast arachnoiditis can be defined, it 
may undoubtedly confuse the clinical picture and 
complicate management, either by producing symp- 
toms due to nerve root tethering and fibrosis or by 
disguising a co-existing prolapsed intervertebral 
disc. 

Hirsch, et al. (1969) in discussing the importance 
of changes limited to the root sheaths, found that 
nearly two-thirds of the changes in their series were 
caused by disc herniation. Clearly therefore, disc 
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protrusions may be hidden by root sheath obliter- 
ation due to thecal scarring from a previous my- 
elogram. It is important to recognize the diagnostic 
limitations of myelographic examination of the 
scarred theca. Secondly, the diagnosis of contrast 
arachnoiditis should not be attached to a segment of 
obliterated root sleeves, if the root sleeves caudal to 
it show a normal appearance. 

Other causes of thecal scarring, apart from con- 
trast arachnoiditis, may be encountered in patients 
undergoing repeat myelography e.g. infection and 
infestation; and carcinomatous and lymphomatous 
infiltration may mimic it. 
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Book review 


Dermatologic Radiotherapy. By O. Braun-Falco, H. Gold- 
schmidt and S. Lukacs, pp. xiv-+- 154, illus., 1976 (Springer 
Verlag), DM.35-40, 

"This is an excellent publication covering in a concise, 
easily readable way the principles of radiotherapy in skin 
diseases. In particular, an up-to-date account of the place of 
radiation therapy in benign dermatoses and pre-malignant 
conditions is welcome. As might be expected, a book of this 
standard also deals very adequately with the radiotherapy of 
cutaneous tumours. All sections are well illustrated with 
diagrams and there are many colour prints. 


The physical basis of radiation therapy is well covered and 
often explained with the aid of simple diagrams. Those 
relating percentage depth dose for various radiations to the 
anatomical structure of the skin and subcutaneous tissues 
are particularly informative. Dose factors and tissue toler- 
ances are explained, and recommended schedules for various 
conditions are given. There is a good index and full bibli- 
ography. This small volume should fill an important place in 
the libraries of dermatological as well as radiotherapy 
departments, 

B. T. Hate. 
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ABSTRACT 

Two patients with poorly differentiated lymphoma who 
developed pneumatosis coli are described. In one case, the 
intramural gas was associated with diffuse nodular sub- 
mucosal deposits of tumour. An annular stricture due to 
lymphoma was the underlying aetiology of the pneumatosis 
coli in the second case. The pathogenesis of pneumatosis 
coli in the context of malignant lymphoma is discussed. 


Pneumatosis cystoides intestinalis is an uncommon 
condition characterized by the presence of gas in the 
submucosa or subserosa of the bowel. Any portion of 
the gastro-intestinal tract may be involved, but when 
the aberrant collections of gas are confined to the 
colon, the term pneumatosis coli is applied. ‘There 
are many known causes of pneumatosis cystoides 
intestinalis, and these have been well-described in a 
recent review of the subject (Olmstead and Madewell, 
1976). In the context of diffuse malignant lym- 
phoma, the diagnosis of pneumatosis coli may have 
important implications; it may indicate (1) ischae- 
mic necrosis, possibly secondary to severe anaemia 
or hyperviscosity syndrome, or (2) an acute necro- 
tizing colitis due to an infectious agent (Olmstead 
and Madewell, 1976). In childhood leukaemia, 
typhlitis, a form of pneumatosis intestinalis, has been 
described (Borns and Johnston, 1973; Wagner et al., 
1970) and is thought to be due to denuded Pever's 
patches, secondary to steroid therapy. 

In widespread lymphoma, a further aetiology of 
pneumatosis coli is suggested. We have recently seen 
two patients with diffuse malignant lymphoma with 
colonic involvement, who developed pneumatosis 
coli. The association has not been previously noted. 


Case REPORTS 

Case I 

A 57-year-old, white male presented with general malaise 
and widespread lymphadenopathy. On examination, in 
addition to the enlarged cervical, axillary, and inguinal 
lymph nodes, he was found to have hepatosplenomegaly and 
an epigastric mass. A peripheral blood film and a bone 
marrow aspirate revealed many poorly differentiated lympho- 
cytes. A subsequent lymph node biopsy established a di- 
agnosis of poorly differentiated lymphocytic lymphoma. 
Other investigations, including a gallium scan, abdominal 
ultrasound, intravenous urography, and a chest radiograph, 
indicated that the pathological staging was IVB. A barium 
enema was performed because of rectal bleeding. ‘This 
revealed diffuse nodularity throughout the colon due to 


*Present address: Department of Radiodiagnosis, Univer- 
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tumour deposition and extensive pneumatosis coli pre- 
dominantly in the ascending and traverse colon (Fig. 1). A 
subsequent rectal biopsy confirmed the submucosal lym- 
phoma infiltration. The patient was started on quadruple 
chemotherapy, and a barium enema repeated eight months 
after the initial examination showed no abnormality. 


Case 2 

A 58-year-old, white male was seen in ‘The University of 
Chicago Hospitals and Clinics two years after a diagnosis of 
poorly differentiated lymphocytic lymphoma had been made 


Fic. 1. 


‘There are nodular masses of tumour in the ascending and 
transverse colon (closed arrows). The intramural gas is 
arrowed (open arrows). 
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Fic, 2a 


PL here is an annular stricture in the proximal transverse 


colon (closed arrows) with adjacent pneumatosis coli, Note 
ilso the gas cysts in the ascending colon (open arrows) 

elsewhere. He had been treated with local radiotherapy 

Fever, night sweats, and weight loss were the presenting 


ymptoms, and subsequent investigations revealed pulmon- 
ary involvement with lymphoma and hepatosplenomegaly 
He was treated with chemotherapy, but 12 days after start- 
ing treatment he developed abdominal pain and diarrhoea. 
^ plain abdominal radiograph demonstrated pneumatosis 
coli in the caecum and ascending colon, but there was no 
evidence of intestinal obstruction. The chest radiograph 
revealed persistence of the pulmonary lymphoma but no 
pneumothorax or pneumomediastinum, The patient's con- 
ditior inchanged, and a barium enema was per- 
formed 12 days after the initial diagnosis of pneumatosis 
oli. The pneumatosis coli was confirmed, and there was, in 
addition, an annular stricture in the transverse colon, which 
was not apparently causing significant intestinal obstruction 


remained 


Figs. 2a, B, and c). At necropsy three days later, the caecum 
ind ascending colon contained multiple gas cysts, and the 
olonic stricture was proven histologically to be due to 


lymphoma 


DISCUSSION 
Previous reports have enumerated many causes of 
pneumatosis coli (Olmstead and Madewell, 1976). 
In cases where no underlying cause is found, an 
association between pneumatosis coli and chronic 





Fic, 2B. 


The proximal portion of the stricture can be clearly seen 
with the associated pneumatosis coli. 


airways obstruction has been documented (Forgacs 
et al., 1973). Airways obstruction, however, was not 
a factor in our two cases. When local pathology is 
associated with pneumatosis coli, the colonic lesion 
is generally of an obstructive, ulcerative, or ischae- 
mic nature. 

Diffuse lymphoma infiltration, as seen in our first 
The 


pathogenesis of the pneumatosis coli is perhaps 


case, suggests a further underlying aetiology 


analogous to the association of pneumatosis coli and 
collagen diseases, notably diffuse systemic sclerosis 
(Mueller et al., 1972). The common denominator 
may be the disruption of the submucosal anatomy 
of the colon. Since colonic lymphoid tissue is situ- 
ated between the submucosa and the lamina propria, 
it is possible that these deposits of lymphomatous 
tissue distort and devitalize portions of the mucosa, 
allowing air to track into the bowel wall. 

Vague abdominal pain and diarrhoea led to a 
plain abdominal radiograph and a diagnosis of 
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Post-evacuation radiograph. Intramural gas cysts can be 
seen in the caecum and in the ascending and proximal 
portion of the transverse colon (open arrows). 


pneumatosis coli in Case 2. As the clinical findings 
did not support the presumptive diagnosis of bowel 
infarction, a barium enema was performed. This 
revealed a malignant stricture in the transverse colon 


with pneumatosis coli proximally. Postmortem ex- 
amination showed that the stricture was due to local 
deposition of submucosal and subserosal lymphoma. 

Previously described intestinal obstructions, when 
associated with pneumatosis coli, have usually been 
evident clinically and radiologically because of their 
severity (Shallal et al., 1974). Case 2 had neither 
clinical nor radiological features to suggest a sig- 
nificant obstruction. Two possibilities therefore may 
explain the pneumatosis coli in this case: (a) the 
direct effect of tumour infiltration as in Case 1, or 
(b) minor episodes of obstruction, not apparent 
radiologically. 

In a patient with known malignant lymphoma, the 
radiological demonstration of pneumatosis coli, as 
seen in the cases described, may be of considerable 
importance. It may indicate the presence of hitherto 
unsuspected colonic involvement, which will sig- 
nificantly alter the patient's staging, treatment, and 
prognosis. 
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Book review 


Development of Angiography and Cardiovascular Catheteriza- 
tion. By T. Doby, pp. xiv + 205 and 25 figs, 1976 ( Publishing 
Science Group Inc., Littleton Mass., U.S.A.), 318.00. 

This is an unusual medical history book, but one which 
radiologists who practise angiography will find difficult to 
lay aside. The first chapter reviews the development of 
knowledge about the vascular system from Ancient Greece 
to the time of Roentgen. The later chapters describe the 
development of angiography and cardiovascular catheteriza- 
tion and the men responsible. Dr. Doby has researched his 


subject in depth, and has produced many fascinating details 
about the early workers in the field of angiography. Pride of 
place naturally goes to Egas Moniz who created two manual 
disciplines, cerebral angiography and psychosurgery, but 
because of his arthritic hands could perform neither himself! 
Similar interesting and human details are provided concern- 
ing men like Dos Santos, Forssmann and Castellanos. The 
book is strongly recommended to angiographers and to all 
interested in the history of medicine. 

Davip SuTTON. 
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ABSTRACT 

Four 7Se-labelled amino acids have been tested in 22 
patients. In 11 of the patients pancreatic function was 
estimated by the Lundh test. 

Scans at varying time intervals up to 30 hours from isotope 
administration were assessed by blind marking. Pancreatic 
visualization with all four agents was markedly poorer than 
would have been expected with 75Se-selenomethionine. 
Whole-body retention was estimated for all four agents; two 
showed faster Se clearance than  selenomethionine. 
Radioactivity in duodenal aspirate was measured for two of 
the agents. 


758e-labelled compounds produced by the Radio- 
chemical Centre have been submitted to clinical trial 
at several hospitals. This paper reports the results 
obtained at one centre with four of the compounds 
(Table I). 


PATIENTS STUDIED 

Permission for the study was obtained from the 
Committee on Safety of Drugs in Medicine and from 
the hospital’s Ethics Committee; fully informed 
consent was obtained from the patients. In seven 
patients scanning with a trial agent was performed 
simultaneously with a routine Lundh test and ?»Se 
levels in the duodenal aspirate were also measured. 
Fifteen patients were scanned without simultaneous 
duodenal intubation; four later had a routine Lundh 
test. 

Eleven of the 22 patients studied were considered 
to have normal pancreatic function on follow-up for 
a period of one to two years. Two patients had 
chronic pancreatitis with a severely abnormal Lundh 
test and two had impaired pancreatic function with a 
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_ TABLE ! 
THE TRIAL AGENTS 


p 


















| Radiochernical : 
Centre Code Nethpound 

i SCD6 Se-(2-aminoethyl)-L-seleno- 
cysteine 

| SCD7 Se-methyl-L-selenocysteine 

j| SCD9 L.-selenoethionine 

j| Scb “DL-selenotryptophan” 
2-amino-3-(3-benzo(b) 

| selenophenyl) propionic acid 

— 





moderately abnormal Lundh test. One patient was 
diabetic, one had haemochromatosis and one a 
carcinoma of the common bile duct; in the remaining 
four diagnosis was uncertain. 


METHODS 

All patients were scanned within one hour of 
intravenous administration of 3 pCi per kg body 
weight of the trial agent. A five-inch crystal rectili- 
linear scanner was used with a scanning speed of 
26 cm/min; anterior and posterior views were 
recorded for each scan. Many patients also had 
repeat scans at varying time intervals up to approxi- 
mately 30 hours (Table II). Twelve had liver scans 
with either 99T'c* sulphur colloid or !98Au gold 
colloid. 

"Three experienced observers assessed all the trial 
scans by blind marking together with 40 75Se- 
selenomethionine scans as controls. Each observer 
independently recorded any possible uptake in 
pancreas, liver, kidney, spleen or small bowel 
together with an assessment of the scan as if it had 
been obtained with 75Se-selenomethionine-—i.e. 
whether the pancreas appeared normal or whether it 
showed a moderate or severe generalized reduction 
in uptake or a filling defect. All the results quoted are 
based on the majority verdict of the observers. 

A limited amount of whole-body counting was 
performed on 12 patients using a simple single 
crystal counter with the patient sitting at 1 metre 
from the crystal face. 

Measurements of ??Se concentration in duodenal 
aspirate over a two-hour period in the seven patients 
who underwent a simultaneous Lundh test were 
compared with previously established control values 
for 75Se-L-selenomethionine (Youngs et al., 1971). 
Trypsin in duodenal aspirate was assayed by the 
method of Levin et al. (1972). 


RESULTS 
Scans (Table IHI) 

Uptake in the liver was noted in all scans with 
SCD6 and SCD9 and in most of the scans with 
SCD7 and SCDil. Kidney uptake was most 
frequently reported with SCD11 but was also seen 
with SCD6. 
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TABLE H 
SCANS PERFORMED 
























































T. LER 
No. scanned at | No. of patients who also had 
No. of 0-1 1-2 2-6 20-30 colloid later /75Se- Lundh | 
Compound patients h h h h liver scan selenomethioninescan test | 
as aie = aa) MODE DI AEN | 
SCD6 9 9 1 3 1 6 4 3 | 
SCD7 4 4 2 0 1 2 1 2 
SCD9 6 6 3 3 2 4 1 5 
SCD11 3 3 1 2 0 0 0 i 
NP 
TABLE IH 
RESULTS OF BLIND SCAN REPORTING 
Interpretation as selenomethio- 
Possible uptake reported in nine scan 
No. of | No. of Normal | Poor uptake or | Little or 
patients | scans | Pancreas | Liver | Kidney | Spleen | Bowel fillingdefect | nouptake 
| SCD6 9 14 1 14 4 0 3 0 2 T 
SCD7 4 7 0 6 0 1 4 0 0 7 
SCD9 6 14 0 14 0 1 4 0 0 14 
SCD11 3 6 2 5 4 0 2 0 1 5 
SM scans on 
patients in 
trial 6 6 4 6 0 0 4 2 2 2 
Control scans 
with SM 
(1) normal 
patients 20 20 20 20 0 0 1 19 J 0 
(ii) pancreatic 
disease 20 20 5 19 0 0 1 1 6 13 





Nineteen patients—including all those scanned 
with SCD7 and SCD9—showed no evidence of any 
pancreatic uptake in any scan. T'wo of the three 
patients scanned with SCD11 appeared (on blind 
reporting) to show possible pancreatic uptake in 
their first scans. However both scans were reported 
abnormal by selenomethionine standards. Subse- 
quent re-interpretation by the same observers with 
the information that high levels of Se appeared 
rapidly in the urine with this compound strongly 
suggested that the poorly defined uptake initially 
interpreted as pancreatic was more probably in the 
right kidney. Similarly the only case of possible 
pancreatic uptake with SCD6 may have correspon- 
ded to kidney uptake; the scan was abnormal by 
selenomethionine standards. 

The control selenomethionine scans showed one 
“false-positive” report in 20 normal patients and one 
“false-negative” report in 20 patients with proven 
pancreatic disease; pancreatic uptake was reported in 
all the normal patients but in only five of the patients 
with disease. Six of the patients scanned with a trial 
agent were later scanned with selenomethionine; 














only two (one with haemochromatosis and one of 
unknown diagnosis) failed to show pancreatic up- 
take. 


Whole-body retention (Fig. 1) 

A short term study suggested that whole-body 
75Se clearance with SCD7 and SCD9 was roughly 
comparable to that with selenomethionine. 

In contrast only about 5095 of administered 
radioactivity was retained at 24 hours with SCD6. 
Clearance with SCD11 was even faster with only 
about 5% retained at 24 hours. Urine collections 
(two patients) with this compound contained 
respectively 33% and 42% of the administered 
radioactivity within two hours. 


Duodenal aspirate (Fig. 2) 

Altogether 11 patients had Lundh tests. Three 
(two with chronic pancreatitis and one with carci- 
noma of the bile ducts) showed severely subnormal 
duodenal trypsin; five were consistent with some 
impairment of pancreatic function and three were 
normal. 
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Whole-body retention (corrected for physical decay) of the 

four agents: [ 18CD6 (five patients), /^SCD7 (two patients), 

@SCD9 (four patients), SCD11 (three patients). The 

dashed line (SM) indicates mean retention for seleno- 
methionine (Lathrop et al., 1972). 


Two patients scanned with SCD6 showed duo- 
denal 75Se levels comparable with the normal range 
for 75Se-selenomethionine, although apparently 
reaching an earlier peak. Five patients given SCD9 
showed markedly lower duodenal 7°Se levels— 
ranging from approximately 0.002 to 0.06% of dose 
per 100 ml of aspirate during the two hours following 
isotope administration—and no relationship could 
be detected between duodenal 75Se and trypsin 
levels. 


Discussion 
758e-selenomethionine is a poor scanning agent. 
Many patients scanned with it fail to show any image 
of the pancreas because uptake depends on adequate 
exocrine function in the gland. A better agent might 
permit visualization in patients with impaired 
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Fic. 2. 


Concentration of 75Se in duodenal aspirate for two patients 
with SCD6. 'The upper line is for a patient with normal 
duodenal trypsin, the lower for one with mildly subnormal 
trypsin. The shaded area indicates the normal range for 
selenomethionine (Youngs et al., 1971). 


4 


pancreatic function—although this would only be of 
practical use if at least the present level of discrimi- 
nation between the normal and the abnormal 
pancreas was maintained. The selection of patients 
for this trial included a significant proportion with 
possible impairment of function. However, only three 
had severe pancreatic disease while 11 were classified 
as "normal" on follow-up. It thus seems reasonable 
to suppose that between 11 and 19 of the patients in 
the trial would have shown some pancreatic uptake 
had they been scanned with selenomethionine and, 
in fact, four out of six later scanned with seleno- 
methionine did show an image of the pancreas. The 
almost complete failure of all four agents to provide 
any visualization of the pancreas in scans performed 
at varying time intervals after administration there- 
fore virtually rules them out as possible replacements 
for selenomethionine. 

Two of the agents in this trial, SCD6 and SCD7, 
were also studied by Tothill and Heading (1975) 
who visualized the pancreas in only one of three 
patients scanned with SCD7. With SCD6 and two 
other agents they tried —SCD8 (Se-ethyl-L-seleno- 
cysteine) and SCD10 (D-selenomethionine)——the 
pancreas was not seen. 

'The failure of the trial is particularly disappoint- 
ing because initial animal experiments at The 
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Radiochemical Centre had suggested that each agent 
should have given at least as good pancreatic 
visualization as selenomethionine plus faster bio- 
logical clearance and hence reduced radiation dose 
for the same administered activity; autoradiographic 
studies in mice with SCD11 had indicated a particu- 
larly high pancreas to liver uptake ratio (Marlow, 
1974). However, published reports on 75Se-seleno- 
methionine uptake in four animal species (dog, 
monkey, rabbit and rat) show considerable inter- 
species variation in the ratio of pancreas to liver 
uptake, both in terms of concentration and of whole 
organ uptake (Zuidema et al., 1963; Sodee, 1965; 
Awwad et al., 1966; Melmed et al., 1969); the ratio of 
pancreas to kidney uptake appears to vary even more. 
Similar inter-species variation must be expected 
with other ??Se-labelled amino acids and probably 
accounts for the discrepancies between the prelimi- 
nary animal experiments and the present clinical 
trial. The animal experiments were, of course, 
essential for checking the potential usefulness and 
toxicity of the SCD compounds. 

As in a previous study on 75Se-L-selenocystine 
and 75Se-DLmeso-selenocystine (Melmed ef al., 
1969), kidney uptake of the trial agents was a 
significant factor. When reduced whole body 
retention. of a potential pancreatic agent merely 
reflects rapid elimination of isotope which has 
played no useful role in pancreatic imaging it must 
be seen as a disadvantage of the compound; the 
kidney image may partly overlap that of the pancreas. 
With 75Se-selenomethionine, transport to the 
pancreas is linked to that organ's requirement of 
methionine for protein synthesis. Any further search 
for a new pancreas radiopharmaceutical must depend 
on studying in as much detail as possible the mech- 
anisms of amino acid uptake in the pancreas (Tothill 
and Heading, 1975). In this trial SCD9 showed no 
pancreatic uptake and no possible release of labelled 
pancreatic enzymes into the duodenum. SCD6 did 
however in one patient show possible uptake in the 
pancreas and did show significant concentrations in 
duodenal juice. This may have corresponded to re- 
lease of labelled pancreatic enzymes although it 
may equally have derived from the uptake seen in 
the liver. 


Recent developments in other techniques for 
visualizing the pancreas—endoscopic retrograde 
pancreatography (ERP), CT scanning and ultra- 
sound—have not eliminated the need for an effective 
radioisotope scanning technique. At present, scan- 
ning with selenomethionine can help in selecting 
patients for ERP in that a normal scan is an indica- 
tion for not proceeding to the more hazardous test 
(Mitchell et aL, 1976). An improved scanning 
whether resulting from methods of 
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ABSTRACT 

The technical factors used for cineurethrocystography 
for the true lateral projection in females are given. The mid- 
line radiation dose has been measured with LiF TLD 
inserted into the vagina in 19 examinations. The average 
dose recorded was 148 mrad, the range being 50 to 306 
mrad; the average number of cine frames exposed was 96. 
Data obtained using a Rando phantom indicated that the 
average ovary dose would be 30%, greater than the mid-line 
dose since the near ovary receives a higher dose than the 
more distant one. 

The technique used for men is also given, the average 
gonad dose in six men being 123 mrad, range 56 to 243 mrad 
when simple lead foil gonad protection was used; the 
average number of cine frames was 107. The dose in one 
man without gonad protection was 1575 mrad for 112 cine 
frames. The results for both sexes compare favourably 
with those of others reported in the literature and with 
gonad doses recorded in typical IVP examinations. 
Cineurethrocystography has been used in this 
Institute in the investigation of stress incontinence 
in women since 1954, Until 1973 the majority of 
patients, who were referred from gynaecological 
clinics, were menopausal or had previously had 
hysterectomies (Ardran et al., 1956a, 1956b). 

Initially, the X-ray studies used a 12.5 cm image 
intensifier and 35 mm cine camera with individual 
exposures at the rate of four per second for up to 
100 frames (Ardran and Wyatt, 1957). The optical 
system consisted of two Taylor Hobson f/1.5 lenses 
used back to back with an effective aperture of 
f/0.7. Since about 1966 a 23 cm image intensifier has 
been used with the same camera and optical system. 
Originally (Ardran ef al., 1956a) it was estimated 
that the maximum gonad dose in the female would 
not be greater than 3 rad for 100 frames. 

Since 1970, partly in collaboration with the 
Department of Urology (Ramsden et aL, 1976; 
Moolgaoker et al, 1972), a series of investigations 
including cystometry and pressure/flow studies 
was combined with cinecystography. Many of the 
patients were in younger age groups and a number 
of males were included. For these reasons it was 
considered advisable to re-assess the level of gonad 
dose using lithium fluoride dosemeters placed in the 
vagina for women, or on the scrotum for men. 


"TECHNIQUE 
In women the examination has always been 
carried out in the true lateral projection with the 


patient seated. For measurement of the vaginal 
dose three LiF chips were enclosed in a small 
plastic envelope placed in a finger cot which was 
attached to the end of a 15 cm length of polythene 
tubing; approximately 2 cm of lead wire of such 
diameter that it would not slip was introduced into 
the tubing and positioned so that it ended just 
proximal to the TLD. The stiff polythene tube 
allowed the enclosed chips to be inserted into the 
top of the patient’s vagina while the free end could 
be attached to the nearside of the thigh with 
adhesive tape. 

Men were investigated standing in the A.P. 
projection with one foot slightly raised, the leg 
externally rotated and the whole body slightly 
rotated in the same direction to obtain an oblique 
view of the urethra. The gonads were protected with 
0.25 mm lead foil wrapped across the scrotum and 
fixed with adhesive tape; the TLD chips in their 
small plastic envelope were fixed with adhesive tape 
on the patient's side of the lead foil near the top so 
that it lay close to the root of the scrotum. 

With a three-phase generator, typical exposure 
factors for females were 90 to 100 kV, 100 mA, 
individual frames being exposed for 0.05 to 0.06 
sec. The males were examined using 65 kV, 100 mA, 
individual frames being exposed for 0.03 sec. The 
X-ray tube-focus to image-intensifier distance was 
110 em. Total X-ray tube filtration was 2.5 mm Al 
equivalent. 

Harshaw LiF TLD — 100 chips, 3.2x 3.2: 1 mm 
thick, were used. Before use for dosimetry on 
patients the sensitivity of the chips was measured in 
air with 100 kV X rays over a range of exposures 
from 50 mrad to 2000 mrad, by comparison with the 
calibrated 35 ml ionization chamber of an EIL 37c 
dosemeter. 


RESULTS 
Women 
Average vaginal dose in 19 examinations 148 mrad. 
Range 50-306 mrad. Average number of cine frames 
96. These figures should be increased by 3095 to 
give average ovary dose, see below. 
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TABLE I 
Doses TO OVARIES MEASURED IN A RANDO PHANTOM WITH 100 RAD ENTRANCE DOSE ON LEFT SIDE 
















a 
| Ratio 
| Nominal Penetrameter L-ovary dose | R-ovary dose | Av. ovary dose | Mid-line dose Av, ovary dose 
eV (rad) (rad) (rad) (rad) Mid-line dose 
100 87 13 2.0 6.65 5.0 Ec 
90 80 8.26 1.37 4.81 3.86 1.25 
80 70 7.35 1.13 4.24 3.20 1.33 























"Total filtration = 2.5 mm Al 

FFD = 100 cm 

FSD =63 cm 

Field area at surface = 23 x 18 cm 


Men 

Average dose in six men with gonad protection 
123 mrad. Range 56-243 mrad. Average number of 
cine frames 107. Dose in one man without gonad 
protection 1575 mrad; cine frames 112. 


Assessment of Results 

In males we consider the method used to be 
sufficiently accurate for the purpose and the results 
show the considerable reduction in male gonad dose 
which can be achieved even by simple protection 
with thin lead foil. 

In females the mid-line measured doses have to be 
corrected since one ovary is closer to the X-ray tube 
than the other. Wall (1976), using a Rando phantom, 
has made measurements of the ovary doses assuming 
the ovaries to be 5 cm from the mid-line and level 
with the upper border of the acetabulum. The 
conditions under which these measurements were 
made are given in Table I. Depth-dose absorption 
curves and data kindly supplied by Wall (1976) 
obtained for this quality of radiation indicate that 
the mid-line dose should be increased by approx- 
imately 30°% to give the average gonad dose. We 
think that the measured mid-line dose, after cor- 
rection, is a good indication of the maximum gonad 
dose the individual could have received. In practice, 
one gonad may frequently be shielded, at least for 
part of the examination, by contrast medium in the 
bladder, and on many occasions one or both ovaries 
may in fact be just outside the primary X-ray beam. 


DISCUSSION 

The gonad doses found in this survey are con- 
siderably lower than those originally estimated. 
This is largely because inadequate allowance was 
made previously for absorption by bone; the doses 
are low compared with those often reported by 
other workers because of our use of a 35 mm 
system giving 1-1 magnification on the film and 


because of the large aperture optical system em- 
ployed. The results compare very favourably with 
gonad dose delivered in other procedures (Lang- 
mead et al., 1976) in which the ovary doses for an 
IVP examination range from 67 mrad to 720 mrad 
while the male gonad doses range from 75 mrad to 
1510 mrad. 

Saenger et al. (1976) in their paper on cine- 
urethrocystography in children state that in their 
series the ovary dose in girls was 85 to 1700 mrad, 
average 389 mrad, and in boys 9 to 158 mrad, 
average 44 mrad. Pratt et al. (1973) in the evaluation 
of 16 mm cinecystourethrography in children gave 
an ovary dose ranging from 153 to 697 mrad, 
average 366 mrad. In boys the gonad dose ranged 
from 26 to 158 mrad, average 77 mrad. 

Kaude and Reed (1969) measured gonad doses in 
children in voiding cineurethrocystography using 
70 mm image-intensifier fluorography, the ovary 
dose ranging from 352 to 1100 mrad, with an average 
of 566 mrad, and the gonad dose for boys ranging 
from 220 to 1531 mrad, average 785 mrad. One 
would expect the doses in children to be less than 
those in adults if the techniques were similar. 

It would appear that the gonad doses with our 
technique are not excessive compared with other 
techniques or other diagnostic procedures. 
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Book reviews 


Cesium-137 from the environment to man: metabolism and 
dose, N.C.R.P. Report 52, pp. v+48, 1977 (N.C.R.P., 
Washington), $3.00. 

This latest addition to the N.C.R.P. report series deals 
with metabolism and dosimetry of !57Cs which, because of 
its relatively long half-life and ready uptake into the body 
through food chains, is prominent in all considerations of the 
consequences of radioactive fall-out. 

"The report comprises four main chapters which concern: 
{a} the relationships between 137Cs in the environment and 
in man, (b) the dosimetry of internally incorporated 137Cs 
in man, (c) the derivation of the dose limits and maximum 
permissible concentrations in air and water for occupational 
exposure and (d) effects observed in two experiments on 
dogs injected with !?*Cs. The report concludes with a short 
summary. 

Chapters (a) and (b) provide a reasonably referenced 
review of radiological protection from !37Cs and its dosi- 
metry in man. Beyond this I have reservations regarding the 
value of the report. Chapter (c) on dose limits will need to 
be reviewed in the light of the new LC.R.P. recommenda- 
tions (LC.R.P. 26) also published this year. The experi- 
ments on dogs described in Chapter (d) concern very high 
doses delivered by single injections of !*Cs and are there- 
fore not very relevant to the most common problems en- 
countered in radiological protection, ie. the continuous 
exposure to relatively small doses resulting from contamina- 
tion of the environment and of work places. Any value of 
these results for assessing the long term risks of large scale 
releases of 33?Cs is diminished by the absence of a table 
inving data on the late effects in controls. 

It is doubtful whether the report will find application in 
the U.K. Levels of !*'Cs from fall-out have declined 
markedly over the last ten years. A forthcoming I.C.R.P. 
publication, announced in L.C. R.P. 26, will provide limits 
for intake of radioactive materials at work. Considerations 
for controlling the release of radioactive materials to the 
environment and assessing the effects of accidental releases 
will need to be reviewed in the light of I.C.R.P. 26 and the 
data i the Medical Research Council document "Criteria 
for controlling radiation doses to the public after accidental 
escape of radioactive material". 

K, F. BAVERSTOCK. 


Cancer and radiotherapy. A short guide for nurses and medical 
students. By J. Walter, pp. 271, 2nd edn., 1977 (Churchill 
Livingstone) £3-95. 

This edition continues to do all that the sub-title indicates. 
In two respects the book does more. First, it is of use not 
only to nurses and medical students but also to graduates, 
for example physicians and surgeons wishing to know about 
current methods of treating malignancies. Second, more 
than radiotherapy is described, for there is useful detail on 
other methods such as cytotoxic and hormone therapy. Thus 
the book amounts to an introduction to modern oncology. 

The first edition (1971) was the best text available in its 
class. The present edition is still the best which the reviewer 
has seen. 

In this edition there have been additions in every chapter, 
particularly on the subject of cancers in childhood. A new 
chapter deals with advances in the management of 
leukaemias, Hodgkin's disease and other lympho-reticular 
disorders. Further, prostatic cancer, retinoblastoma and the 
acute radiation syndrome have new sections. 

The plan of the book resembles that of the first edition; 
it begins with chapters on cancer, followed by those on the 
physics, biological effects and principles of radiotherapy. 
Malignant disease of specific sites or systems then receive 
several chapters. Amongst the later chapters are those on 
radioisotopes, on terminal care and on the management of 
pain. An envoi, though cautious, expresses in general a 
hopeful outlook for the future. The work ends with a brief 
list of derivations and a guide to further reading. 

There are many illustrations, mostly line drawings or 
diagrams. They succeed in conveying their meaning clearly. 

"This book is a paperback and was printed in Singapore. 
The first edition was printed in Great Britain with a lighter 
type-face and with neat underlining of particularly import- 
ant words or phrases. In the present edition italics replace 
the underlining. In this reviewer's opinion the italics do not 
attract the eye so effectively as did the underlining. 

This useful guide should be available in every medical and 
nursing school. Other libraries and individuals interested in 
treating cancers will also wish to own this inexpensive, 
nicely balanced and vet comprehensive small volume. 

"Tug. MA D. Barrs, 
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ABSTRACT 

An improvement of the plastic tube afterloading tech- 
nique for interstitial radiotherapy of the tongue is described. 
This modification allows most of the work to be done 
outside the patient's mouth. The anchorage for the intra- 
oral ends of the polythene tubes is produced by transfixing 
them with a silk thread. This obviates the need to form 
loops and simplifies afterloading. It provides a method for 
crossing the entire lingual end of the implant. All areas and 
volumes of lower jaw structures are accessible to this form of 
treatment. Removal of the implant, irrespective of position, 
is simple and rapid. 


Interstitial radiotherapy of the tongue is beset by the 
difficulties of accurately placing and securing the 
radioactive sources. It commonly results in an un- 
comfortable implant with unsatisfactory dose distri- 
bution, and which is difficult to remove. 

Intra-oral templates (Bier ef al., 1973; Sharett et 
al., 1974; Nickel and Leake, 1975) for guiding the 
insertion. and securing the position of radium 
needles, and a rigid radium needle device (Elling- 
wood et al., 1976), have been described to improve 
the geometry, reduce the technical skill required, 
control the mobility of the tongue and reduce the 
swelling associated with interstitial implants. Due to 
the length and rigidity of the radium needles re- 
quired, these methods are suitable only for treating 
anteriorly placed, relatively superficial tumours. 

Pierquin (1964) and Paine (1972) have described 
the use of flexible radio-active wires with directional 
gutter guides for superficial tumours, and after- 
loaded implanted plastic tubes, using the loop tech- 
nique, for larger penetrating tumours of the tongue. 

Our modification of transfixing the intra-oral ends 
of the polythene tubes with a silk thread and crossing 
wire provides an intra-oral anchor and facilitates 
easy removal (Fig. 1). It eliminates the need to form 
a loop which is technically difficult to accomplish 
posteriorly in the mouth. It allows the entire implant 
to be crossed superiorly and provides a simple 
method of afterloading the vertical tubes without 
having to negotiate sharp bends in the loop. This 
method is technically simple and most of the work is 
done outside the patient's mouth. 





*Presented at the South African Society of Radiotherapists 
Congress, March 27, 1977. 
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MATERIALS 

'The following materials are used. (1) Radio-active 
iridium wire (diameter 0.3 mm) or tantalum wire 
(diameter 0.4 mm) cut to appropriate lengths. (2) 
Nylon inner tubing (LD. 0.75 mm, O.D. 0.94 mm): 
(Flex Nylon size 1-Portex Limited, Hythe, Kent). 
(3) Gas-sterilised polythene outer tubing (LD. 1.2 
mm, O.D. 1.7 mm): (Intramedic Type PE 190— 
Clay Adams, Division of Becton, Dickinson and Co, 
Parsippany, NJ 07054, U.S.A.). (4) A number of 
trocars 12 to 15 cm long, with cannulae bevelled at 
one end, capable of accommodating the outer poly- 
thene tubing. (5) A Perspex plate introducer guide 
(template) to ensure parallel implantation of the 
trocars. This is a Perspex bar 1.25 cm thick into 
which a row of holes has been drilled perpendicular 
to the surface. The holes allow fairly tight passage of 
the trocars and are spaced 1 cm apart. Parallel planes 
can be implanted at the desired distance by inserting 
Perspex spacers between adjacent bars. (6) Nylon 
balls and lead discs for immobilizing the polythene 
tubes (Radiochemical Centre Code N202). (7) A 
number of 18 gauge hypodermic needles. (8) Silk 
thread (00) on a straight round-body sewing needle. 





Fic. 1. 


Schematic diagram of the intraoral end of the implant. A «= 
silk thread; B=crossing wire; C= polythene tube. 
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Fic. 2. 


Photograph showing preparation of one plane of the implant. 

Note trocars traversing plastic template. Polythene tubes 

through trocars emerge from mouth where silk 

thread and hypodermic needle have transfixed tubes ready 
for afterloading the crossing wire 


passed 


METHOD 

lhe procedure is performed under general anaes- 
thesia. The Perspex template is held against the skin 
in the submandibular region overlying the tumour 
arca. Trocars with cannulae are pushed through the 
tumour volume using the template as a guide to 
ensure even and parallel implantation. 

Either by direct vision, palpation or mirror exam- 
ination, the trocars are checked to ensure that the 
desired area has been transfixed and the geometry is 
satisfactory. After removing the cannulae, the outer 
polythene tubes are introduced through the trocars 
and brought out through the mouth. 

Outside the mouth, the tubes of one plane are 
transfixed with silk thread, from anterior to pos- 
terior, about | cm from their superior end. The free 
ends of the thread are tied together in a loop. If a 
crossing wire is required it is now introduced 
through the polythene tubes as close below the silk 
thread as possible. This is done by piercing the 
tubes with a hypodermic needle in this position 





Fic. 3. 


Photograph showing first plane with crossing wire being 
pulled back into mouth. 


(Fig. 2). The crossing wire is fed into the needle 
which is then withdrawn leaving the wire in place. 
Before introduction, the crossing wire is cut 10 
mm longer than the width of the implant so that, by 
bending back approximately 5 mm end 
around the outermost tubes, it is secured in position. 
The tubes are trimmed 1 mm above the silk. The 
trocars are withdrawn and the whole row of tubes is 
pulled down (Fig. 3), back into the mouth, until the 
crossing wire rests on the dorsum of the tongue. 


of each 


Additional planes are completed in the same way. 

When the plane is wider than 6 cm, or is pos- 
teriorly placed, we have found it advantageous to 
divide the crossing wire into two portions. This 
makes manoeuvrability easier. The silk thread 
should still transfix the whole plane. 

The distance from the crossing wire to the skin 
may be determined visually by pushing a suitably 
graduated guide wire into the polythene tubes. The 
appropriate length of radio-active wire to treat the 
tumour adequately over its whole depth, and to 
allow for subsequent tissue swelling, is cut and heat- 
sealed in the nylon inner tubes while the anaesthetic 
is being reversed. 

The heat seal should not exceed 2 mm so that 
when cut and positioned the end of the vertical wire 
can be as close to the crossing wire as possible. 
Generally by the time the patient is awake, the inner 
tubes have been prepared and afterloading of the 
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Radiograph of a three plane implant in-situ 


Fic. 5. 


Radiograph of a two plane implant in the base of tongue. 





implanted tubes can commence in an adjoining 


room. 
Nylon balls to prevent pressure necrosis, together 
A | 


cm gap between skin and ball is allowed to accom 


with lead discs, are applied to the outer tubes 


modate swelling of the injured tissues. The loaded 
inner tubes are fed into the outer tubes until they 
abut against the crossing wire. The position of the 
implant is checked radiographically (Figs. 4 and 5) 
The lead discs are crimped to prevent movement ol 
the inner tubing in the outer and to secure the 
implant in position 

The removal of the implant is done by cutting the 
Che 


balls are removed and the outer tubes cleaned with 


tubing between the balls and the lead discs 


antiseptic solution. The silk thread lying on the 
dorsum of the tongue is firmly grasped with forceps 
and gently pulled upwards, allowing a whole plane 
to be withdrawn through the mouth in a single step 
Only premedication with analgesics is required 


DISCUSSION 
The problems associated with available interstitial 
techniques are summarized in Table I. Our method 
features the advantages of afterloading techniques, 
viz: reduced technical difficulties, absence of sutures, 
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TABLE I 
PROBLEMS ASSOCIATED WITH DIFFERENT METHODS OF INTERSTITIAL RADIOTHERAPY IN THE TONGUE 









































































































































uM | _ |] 
| Temporary 
i Rigid Flexible sources 
i | ———— 
| | Permanent Radium needles 
| | Looped 
| | Intra-oral Gutter plastic Modifi- 
i | Seeds Freehand template guides tubes cation 
E CCEPIT TURIS n ane uud ESCM ENEA "el etree eemi 
l Placement difficulty 
| Anterior position | No 
| Posterior position | Yes 
p " le 
| Unreliable geome try 
Inhómogene ity of duse to the 
dorsum of tongue No No No Yes Yes No 
2 EDEN 1 giis " De ccu Td i 
Implant stability | i 
Affected by tissue swelling and 
interference by anaesthetist No Yes No No 
Yes No No 
— No No Yes No 
z High radiation exposure to 
j hands i No Yes No Yes No No 
Difficult oral feeding and poor 
oral hvgiene No Yes Yes No No No 
Lack of radiographie control 
before implantation Yes Yes No No No No 
| Difficult to remove i — Yes No No No No 
lo tec unius echt ces m 
reduced operator exposure, radiographic control of 
| 82 | 87 82 80 | 85 80 | implant before insertion of radio-active sources, and 
i | ease of removal. In addition it has a number of dis- 
(91 97 91 89 | 95 | 89 tinct advantages over the afterloading techniques 
i s * a 7 x s . , ` DH r 
i | | described before (Pierquin, 1964; Paine, 1972). The 
i accurate positioning of a crossing wire allows the 
| 93 | 100 93 92 | 98 92 entire dorsum of the tongue to be adequately and 
| | reliably treated. 
| 92 99 92 | 92 99 92 Computer calculations of dose rates show that the 
| | 5 mm excess wire bent around at each end of the 
| 89 9 89 96 |1 9 crossing wires has very little effect on the radiation 
po 8 a 2 90 6 distribution. In all implants the effect is beneficial 
eee, (Fig. 6), being more noticeable with smaller im- 
, " plants. It is also found that the best dose on the 


bt 
EM 
Fic. 6. 
Normalized dose distribution 5 mm from the plane of 
implant showing the effect of bending back ends of crossing 
wire, (bent back on right, not on left). 


dorsum of the tongue is obtained when the active 
ends of the vertical sources are extended as close to 
the crossing wire as possible ( -4-2 mm). 

Having dispensed with the loop, afterloading the 
vertical tubes is quick and simple. The time delay 
between the insertion. of the crossing wire and 
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vertical wires produces negligible distortion of the 
dosage distribution. Calculation shows that even a 
two-hour delay in a 72-hour implant produces only a 
194, increase in the dose at the superior edge of the 
implant. 

As illustrated in Fig. 6, the calculation shows that 
the tumour is treated effectively only to within 1.5 
cm of the uncrossed ends. Swelling of the tongue 
invariably occurs and often changes the radiation 
distribution by elevating the sources and conse- 
quently underdosing the base of the tumour. One of 
the main advantages of our method is that it allows 
and compensates for such swelling. Tissue swelling 
of 1 cm is allowed for by clamping the nylon balls at 
this distance from the skin. The active length of the 
vertical wire is increased by 1.5 cm to prevent a 
change in radiation dosage distribution over the 
tumour volume. Thus, to allow for both uncrossed 
bottom ends and swelling, the active lengths of the 
vertical wires must extend to at least 2.5 cm below 
the lower border of the volume to be treated. 

This method also minimizes the patient's dis- 
comfort and improves oral hygiene during treat- 
ment, since there are no tubes protruding into the 
mouth. A limited amount of tongue movement is 
possible without danger of dislodging or altering the 
relative position of radio-active sources; hence oral 
feeding and limited speech is possible. 

It is important to note that polythene tubing must 
be used for the outer tubing as nylon is not easily 
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pierced. Furthermore, polythene softens in saliva, 
and the small protrusions are less likely to irritate 
the palate. Nevertheless, if the patient has an upper 
dental plate, he is encouraged to wear it to protect 
the palate from the projecting polythene tubes. 

In conclusion, we believe this technique to be an 
improvement on existing methods. It is reliable, 
gives good geometry, is simple, and is suitable for 
all tumours of the tongue and floor of the mouth. 
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Radiologic Anatomy of the Brain. By G. Salamon and XP. 
Huang, pp. xi +390, illus., 1976 (Berlin, Heidelberg, New 
York, Springer-Verlag), $147.60. 

This fine book clearly describes the radiological anatomy 
of the brain with the aid of a well selected series of photo- 
graphs and radiographs of beautifully prepared cadaver 
brains, casts, injected specimens and angiograms showing 
the arterial and venous systems and their distributions. All 
are labelled or accompanied by diagrams, which makes the 
work an ideal atlas. 

Anatomical variations are discussed and limitations of 
normality and radiological measurements are quoted. 'There 
is a good index and selection of references, 

'This work is of lasting value. It is a credit to both authors 
and publishers and it is recommended to all interested in the 
neurosciences. 


B. E. KENDALL. 
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Solitary neurofibroma of the trachea 


By H. C. Meredith, M.B., B.S., M.R.A.C.R., and J. F. Valicenti, Jr., M.D. 
Medical University of South Carolina, 171 Ashley Avenue, Charleston, South Carolina 29403 


( Received February, 1977 and in revised form June, 1977) 


l'racheal tumours are rare and are often missed in 
plain chest radiographs. This paper is the first re- 
corded example of a tracheal neurofibroma arising 
from a branch of the vagus nerve. 


Case REPORT 

lhe patient was a 60-year-old white male who, for 18 
months, had complained of a substernal wheeze on exertion, 
exertional dyspnoea and cough, and attacks of acute res- 
piratory distress. There was no haemoptysis or dysphagia 
and he was treated for bronchial asthma until bronchoscopy 
revealed the tumour which had not been recognized in plain 
chest films 

He showed no evidence of a neurofibromatosis and apart 
from reduction in pulmonary function tests and a PO» of 74, 
his laboratory tests were negative. There was no family 
history of neurofibromatosis 





Fic. 1 


(arrowed) shown in 


tomograms of distal 
bronchus L—left 


Neurofibroma 
trachea. A 


knuckle R 


bronchus. 


aortic right 


He underwent thoracotomy and a smooth rounded ped- 
unculated tumour, 2.5 cm in diameter, arising from the 
posterior wall of the trachea, 3 cm above the carina was 
excised. He has had no tumour recurrence 


DISCUSSION 

Tracheal tumours are often missed on plain chest 
radiographs because of their rarity. The róntgeno- 
graphic aspects have been described in the radiologi- 
cal literature (Fleming, 1962; Huguenin-Dumittan 
et al., 1969). 

This is the first recorded example of an intra- 
tracheal neurofibroma arising from a branch of the 
vagus nerve but three cases of a tracheal schwannoma 


Fic. 2. 
'The tumour presents between two tracheal rings. Centrally 
is a large nerve surrounded by perineural space, H&E 40 x. 
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(Kittinger, 1961) have been described. "These pa- 
tients were not included in a list of 24 patients re- 
ported with tumours of the vagus nerve (Strickland 
and Wolverson, 1974). None of these tumours were 
intratracheal but they were located most commonly 
in the superior mediastinum, more frequently on 
the left side. In one patient bilateral tumours were 
present. The pathology of 21 of these tumours was 
recorded; 14 were neurofibromas and seven schwan- 
nomas, Neurofibromatosis was present in eight of 
the patients with neurofibromas but in none of the 
patients with schwannomas. 

'The Schwann cell is the cell of the origin of both 


schwannomas and neurofibromas. Their separation 
of morphologic grounds has been suggested (Stout, 
1949). 
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Dictionary of Medical Ethics. Edited by A. S. Duncan, 
G. R. Dunstan and R. B. Welbourn, pp. 336, 1977 (London, 
Darton, Longman and Todd), £4-90. 

Can you review a dictionary? The task is not that difficult 
here, because the editors have in mind not just "a book 
dealing with words”’ but also with "information or reference 
of any subject". Most entries are quite long. The book is 
written by a galaxy of talent, 116 eminent men and women 
contributing mini-essays on nearly every conceivable topic. 
Here is a specimen run of entries: Sexually Transmitted 
Disease—Shinto—Shock ''herapy—Situational Ethics (see 
"Christianity" )—Smoking—Social Workers. The volume is 
a paperback, almost but not quite pocket size. 

Some readers may bemoan the need for publishing such a 
book at all, pointing to the days when professional ethics 
was a natural inbred part of every doctor's equipment. Most 
would probably agree that matters have grown much more 
complex now that the medical contract is no longer between 
one patient and one doctor. This book is full of information 
for seeking a path through the new minefields. The entries 
generally favour a cool, balanced, middle-of-the-road 
approach, and do not preach. This is of course all to the 
good, even if it makes for slightly anaemic reading—perhaps 
because one's own prejudices are not allowed to the fore. 
Certain themes recur, for instance that of the hospital as a 
place for curing disease rather than caring for people. 
Abortion is another. All entries are signed, and some stand 
out head and shoulders, like Douglas Black and John Rivers 
on Resources, which I shall certainly want to read again. 

'The book makes interesting personal bedside reading, but 
its most useful place is probably the medical library. 1t isa 
good source of information on all sorts of perhaps unex- 
pected subjects, for example the funding of research in this 
country. Chairmen of Research Ethical Committees may 
well like a copy as standard stand-by. 

‘THOMAS SHERWOOD. 


Roentgenologic diagnosis. Vols. I and 11. By J. G. Teplik and 
M. E. Haskin, pp. 1478, illus., 1976 (W. B. Saunders Co., 
Sussex), £48-75. 

'T'his is the third edition of a two volume (c. 1500 pages) 
radiological book written specifically as a complementary 
companion to the very popular textbook of medicine by 
Beeson and McDermott. It is not meant as a radiological 
text for radiologists but has many worthwhile features. 

'The first volume contains ten sections and the second 
nine in the same order as Beeson and McDermott. At the 
end of the second book a clinically orientated appendix of 
special roentgenologic procedures is included which is 
useful but would, I believe, have been more worthwhile had 
some of the contraindications, untoward reactions and 
complications of the procedures been discussed, 

Each volume has an appendix list of diseases associated 
with cardinal radiological signs. I am not a believer in lists 
and one could easily be misled by these which are in 
alphabetical order, e.g. constrictive pericarditis heads the 
list of diseases associated with an enlarged left atrium. 
However, they do remind the reader of possible differential 
diagnoses. 

The text is generally succinct and the radiographic 
illustrations of remarkably good standard. The sensible use 
of arrows will, I am sure, be very useful to non-radiologists 
and some radiologists! 

All radiologists should encourage their medical colleagues, 
whether studying or examining for the higher medical 
examinations, to use this facility whilst reading the com- 
panion Textbook of Medicine. It will do them good and 
mav be the only radiological text they will ever read. 

For the radiologist the book is interesting and contains 
many good classic examples, It represents a different 
approach from our standard textbooks and I enjoyed reading 
it, 

A. B. AYERS. 
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The RBE of megavoltage photon and electron beams 


By P, C. Williams, M.Sc., and J. H. Hendry, Ph.D. 


Department of Physics and Bioengineering, and Paterson Laboratories, Christie Hospital and 
Holt Radium Institute, Wilmslow Road, Withington, Manchester M20 9BX 


(Received September, 1977) 


A recent MRC Working Party (1975) was convened to 
discuss the relative benefits of electron or photon mega- 
voltage beams for therapy. The discussion arose due to a 
feeling among many radiotherapists that normal tissues 
especially skin) would tolerate higher doses from electron 
beams (up to 20%) than from photon beams of similar 
primary energy. This is contrary to physical expectations 
and to existing biological measurements. It has been 
suggested that the contradiction may be due to known 
differences in depth dose distributions and to some tissue 
inhomogeneities. To clarify the discrepancy between 
echnical observations on the one hand and biological measure- 
ments on the other, further experiments have been per- 
formed to measure RBE values for a gross tissue response 
where the dose distributions have been kept almost identical. 

The effects of five types of radiation have been compared. 
Cobalt 60 v rays have been used as the reference radiation, 
and primary electron energies of 3 and 10 MeV were 
chosen as these are used most commonly at this centre. 
4 MV X rays, which have a similar X-ray and secondary 
electron spectrum to cobalt 60 y rays, were included to 
eliminate any possible difference introduced by the use of 
continuous or pulsed beams. Finally, 300 kV X rays were 
used to compare with the known clinical RBE of 1.1 for 
this quality (Greene et al., 1962). The mean dose rate for 
each radiation type was similar (7-200 rad/min), and the 
dose per pulse for the pulsed radiations was also approx- 
irately the same (70.015 rad/pulse). 

Radiation. doses were compared for the production of 
tail necrosis in 507, of mice (the NDso). This assay has 
been described previously (Hendry et al., 1976). For 
irradiations with 300 kV X rays and electrons, lead shielding 
3 mm thick allowed only a specified length of tail (20 mm or 
40 mm) to be irradiated at 5 mm deep in a 10 mm thick 
Perspex block. With the electron beams, the problem of 
scattering at the beam edges was allowed for by increasing 
the unshielded length of tail by 2 5 mm at 10 MeV and by 
5.0 mm at 3 MeV. These length corrections were deter- 
mined by film densitometer measurements, and were 
calculated at 90°, of the dose in the central beam. The 
corrections are more important for short-length irradiations, 
and have a minimal effect at 40 mm length which was 
used in the majority of the experiments. For irradiations 





TABLE I 
NDso VALUES AND RATIOS 





NDso ratio 

















| NDso € S.E. «S.B. 
Radiation (rad) (t/RBE) 
i 300 kV x 2820 :-50 0-91 0-05 
i $ 
Vand 1.3 MeV — 5(89Co) |. 3100-4150 
j 4MV. X 3080 2. 
i 10 MeV e 2970 70. 
] 3 MeV. e 3310 —50 T 
| *(3160 150) | *(1.02 £0.06) 





* Corrected doses-—see text. 


with cobalt 60 y rays and 4 MV X rays, lead shielding 50 mm 
thick was used, tapered so that the minimum penumbra 
was produced with the jig 800 mm from the source. The 
temperature of the jig holding the tails was maintained close 
to 37°C (extreme range 36-38°C), The dose to the tails in 
the irradiation jig was measured at each quality with 
ionization chambers. For the 20 mm length of tail, where 
the ionization chambers were large compared with the 
irradiated length, lithium fluoride thermoluminescent 
dosimetry was used. The dosemeters were calibrated 
against an ionization chamber at the same radiation quality 
but with a larger field size. 

At each radiation quality three experiments were per- 
formed. In the first a length of approximately 20 mm was 
irradiated, in the second and third a length of 40 mm was 
irradiated, The data from these experiments were pooled 
after the doses to the 20 mm length were corrected to those 
for 40 mm using measured data for NDso as a function of 
irradiated length of tail (Hendry, in preparation). In each 
experiment, groups of six mice were irradiated at four dose 
levels between 600 rad above and 600 rad below the 
expected NDso. Thus, after pooling the results from all 
three experiments, the determination of NDso for each 
radiation quality was based on the results of irradiating 72 
mice. 

The results, shown in Table I, are the NDso values for 
each of the five radiation qualities, and the reciprocal of the 
RBE quoted as NDso/NDso (cobalt). The value of 0.91 for 
300 kV X rays is in agreement with the RBE of 1.1 accepted 
for clinical practice (Greene et al., 1962). RBE values for 
megavoltage X rays and 10 MeV electrons are not signifi- 
cantly different from unity. The largest deviation from 
cobalt 60 y rays for the megavoltage beams occurs with 3 
MeV electrons, and this can be reduced if a systematic 
uncertainty between electron and photon dosimetry 
(Williams, 1977; Holt and Kessaris, 1977) is corrected. 
This error occurs at 3 MeV because incorrectly calculated 
dose-correction factors are generaly used to correct 
ionization chamber readings to dose values. For 10 MeV 
electrons, the dose-correction factors are based on measure- 
ments and calculations and therefore the error in dosimetry 
does not occur, 

It is concluded that the biological effectiveness of these 
megavoltage beams does not differ significantly on the data 
presented, using this gross normal tissue end point. Clinical 
differences of up to 20% in dose (MRC Working Party, 
1975) are more likely to be due to known differences in 
depth-dose distributions, and to tissue inhomogeneities. 


REFERENCES 

Greene, D., Massey, J. B., and Merepiru, W. J., 1962. 
Revision of published RBE values. British Journal of 
Radiology, 35, 721. 

Henory, J. H., ROSENBERG, I., Greene, D., and STEWART, 
J. G., 1976. Tolerance of rodent tails to necrosis after 
“daily” fractionated X rays or D-T neutrons. British 
Journal of Radiology, 49, 690-699. 

MRC Working Party on electron therapy, 1975. 

WiLLiAMS, P. C., 1977. Discrepancy between CA and Cr. 
Physics in Medicine and Biology, 22, 535-538. 


Hott, J. G., and Kessaris, N. D., 1977. Discrepancy be- 
tween CA and Cre. Physics in Medicine and Biology, 22, 
538-540. 


220 


1978, British Journal of Radiology, 51, 221-222 


Marcu 1978 


Short communications 


The response of skin to fractionated heat and X rays 


By S. B. Field, Ph.D., and Marilyn P. Law, Ph.D. 


MRC Cyclotron Unit, Hammersmith Hospital, London W12 0HS 


(Received August, 1977) 


The combination of X rays with raised tissue temperature 
may be a useful method of treating some types of cancer. At 
present most information on the topic is for single treat- 
ments, but as improved heating methods develop it is likely 
that treatments may be given in several fractions as is the 
practice in conventional radiotherapy. It is therefore de- 
sirable to understand how cells and tissues respond to 
fractionated heat and X rays. 

When cells in vitro are exposed to a combination of heat 
and X rays the survival curve obtained normally has an 
increased slope and a reduced shoulder relative to X-ray 
treatment alone. There is additional evidence from work 
with X rays at low dose rate that the accumulation and repair 
of sublethal damage is inhibited by heating (Ben-Hur et al., 
1974). However, in some cases heat appears to cause an in- 
crease in the extrapolation number of the X-ray survival 
curve (Loshek, 1976). It is therefore difficult to predict the 
response of cells and tissues to fractionated treatments with 
combined heat and X rays. 

We have begun an investigation of this problem zn vivo 
using the response of the ear (pinna) in the mouse. After 
irradiation of the ear there is a skin reaction beginning after 
about 12 days which reaches a peak at about 30 days with 
subsequent healing. If the ear is also heated the response to 
X rays is enhanced but there is no qualitative change from 
the X ray response providing the heat treatments are not 
sufficiently severe to cause early necrosis, Le. less than 
42.5"C for 90 minutes, or equivalent (Law et al., 1978). In 
our experiments the ear has been heated by immersion in a 
temperature-controlled water bath ( +0.05 C). 

Previous experiments have indicated that the effect of 
heating on the response to X rays is diminished by in- 
creasing the time interval between the two treatments and is 
completely lost by a separation of 24 hours (Law et al., 
1977). Based on this result it was felt likely that for daily 
treatment of combined X rays and heating there would be no 
residual influence of the heating on the irradiation part of 
the combined treatment given on the previous or following 
day. 

'The aim of our experiment was to measure the thermal 
enhancement ratio (TER) for different numbers of fractions, 
given daily. TER is defined as the ratio of the dose of X rays 
alone to that with heating to produce a given level of damage 
(Robinson et al., 1974), In our case each heat treatment was 
42.5°C for 30 minutes and was completed six minutes 
before each irradiation. 

After treatment with one, two, five or ten daily fractions 
of X rays alone or combined with heat the skin reactions 
were scored on an arbitrary scale from one to nine. Scores 
up to 2.33 are degrees of erythema and above this are levels- 
of desquamation. Further details are given by Law et al. 
(1977) who also showed a direct correspondence between 
the maximum score and average reaction during ten to 50 
days so that either endpoint could be used. Figure 1 shows 
the dose response curves for maximum skin score both for 
irradiation alone and for the combination of X rays with 
heat. From these results the TTER was calculated at the 
level 4, i.e. moist desquamation over less than half the outer 
surface of the pinna. These values are shown in ‘Table I and 
in Fig. 2. Also shown in Fig.2 are the results from Myers 
and Field (1977) derived from single dose effects on growing 
cartilage in the baby rat tail. It is clear that the TER in- 
creases with increasing dose per fraction from about 1.25 at 
4 Gy to about 1.65 at 20 Gy. 


It seems, therefore, that values of TER obtained from 
single dose experiments may not apply to treatment given in 
multiple small fractions except at the same level of dose per 
fraction. Also ‘TER values obtained in different systerns may 
only be comparable at similar radiation dose levels. For 
example Robinson et al. (1974) obtained a TER value of 2.5 
for control of a tumour (at about 53 Gy X rays alone) with 
one of 1.43 for skin reactions (at about 25 Gy) and con- 
cluded that there was a therapeutic ratio of 1.75 using 
hyperthermia (42°C for one hour) in this experimental 
system. Some of this difference between the TER for 
tumour and normal tissues may be due simply to the varia- 
tion in TER with dose level. By a linear extrapolation of the 
TER values in Fig. 2 the TER at 53 Gy would be about 2.0 
compared with 1.7 at 25 Gy giving a ratio of about 1.2. Our 
experiments were performed with heating at 42.5°C for 30 
minutes, which for hyperthermic enhancement of radiation 
damage is similar in effect to 42.0°C for one hour (Law 
et al., 1978). Therefore perhaps part of the difference in 
TER between tumourand normal tissue observed by Robinson 
et al., (1974) may be accounted for by the variation in TER 
with dose per fraction. 
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Fic. 1. 
The effect of fractionated heat and X ray 
mouse ear. Upper diagram-~X rays alone. Lower dia- 
gram—combined heat and X rays. Ears were heated at 
42.5 C for 30 minutes immediately before each irradiation. 
‘Treatments were given daily: @ si igle dose , À two fractions, 
WB five fractions, W ten fractions. Each point represents the 
mean for four to six mice and standard errors are shown. 
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TABLE I 

— a ns Sor Seite Rg 
| Dose of X rays 
| Number of Dose of with heating 

daily fractions | X rays (Gy) (Gy) TER 
| 1 | 21.6 13.0 1.66 
2 | 280 184 1.52 
i 5 38.2 27.0 1.41 
| 10 | ; 36.0 

20 r 





Thermal enhancement ratio 





2 5 10 20 50 
Dose per fraction of X rays alone (Gy) 


Fie, 2. 


‘The thermal enhancement ratio (TER) for mouse ear skin 
heated at 42.5°C for 30 minutes immediately before ir- 
radiation as a function of dose per fraction. The results are 
compared with the TER for stunting of the baby rat tail. 
@ TER for mouse ear skin calculated from data for one, 
two, five and ten daily fractions. A TER for stunting of the 
baby rat tail calculated for single doses (from Myers and 
Field 1977). Heat treatment was 42°C for one hour which is 
approximately equivalent to 42.5°C for 30 minutes (Law 
et àl., 1978). 


"The above results may be considered in terms of shapes of 
survival curves. From Table I, for X rays alone the value of 
(Ds—D4) at 24 hours between fractions was 6.4 Gy (where 
Di and Ds are the doses in a single irradiation or two 
fractions giving the same reaction). With hyperthermia and 
radiation (Ds-D1) was 5.4 Gy. This slight reduction in 


(Dz-Dy) with heating is consistent with the majority of 
observations in vitro in which the quasi-threshold dose Do 
(Alper et al., 1962) is frequently reduced by combining heat 
and X rays (Harris et al., 1976; Henle and Leeper, 1977). 
Thus the major factor in the heat sensitization appears to be 
an increased slope with a consequent increase in extra- 
polation number, consistent with the finding of Loshek 
1976). 

An alternative explanation for the results shown in Fig. 2 
is that thermal tolerance is induced by prior heating, as has 
been demonstrated for heat alone in vitro (Gerner et al., 
1976; Henle and Leeper, 1976) and im vivo (Law et al. 
(unpublished results)) If there were a similar induced 
tolerance to heat potentiation of radiation damage, then with 
more than one treatment subsequent heatings would be less 
effective than the first, depending on the time between 
doses, giving a reduced TER. If this were the case it would 
invalidate the survival curve analysis and the TER would 
depend mainly on the number of fractions rather than the 
size of each fraction. 

Clearly there is. much left to understand in this field but 
the result illustrated in Fig. 2 indicates that the TER may 
vary with size of dose and fractionation. 
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Tue Eprror—Sir, 
WIDE Urerers, A DILEMMA IN DIAGNOSIS 

In his article "Radiology now" Dr. Flower (1977) dis- 
cusses a subject which is presently the focus of a consider- 
able amount of interest in urological, nuclear medicine and 
radiological circles, and he rightly emphasises the point that 
excretion. urography in this condition gives a static, ana- 
tomical assessment of what is a dvnamic situation. However, 
we would disagree with the statement that “‘Radioisotope 
renographv often does little more than the urogram in 
establishing whether there is poor drainage from the 
kidneys". 

In this centre, we have developed a method of diuresis 
renography which we believe can overcome the inherent dis- 
advantage of simple renography which results in the same 
pattern in both stasis and true obstruction. 

Briefly, a standard !?! I-hippuran renogram is performed. 
A second renogram is performed three minutes after the 
intravenous injection of 0.5 mg./Kg. of the diuretic Fruse- 
mide, which produces a rapid increase in the rate of urine 
flow. 

If the initial renogram remains obstructed at 30 minutes, 
the diuretic is given while the tracing continues uninterrup- 
ted. It has been found that this technique results in one of 
four possible responses. 


Response I both initial and diuretic renograms are nor- 

mal, excluding obstruction. 

both initial and diuretic renograms are ob- 

structive, confirming genuine obstruction. 

Response IIa initial renography is obstructive, but the 
diuretic renogram is normal. This is the pat- 
tern of an atonic, distended but flaccid, non- 
obstructed upper tract, in which increasing 
the flow rate allows unimpeded elimination. 

Response IHIb initial renography is obstructive; diuresis 
results in onlv a partial improvement in 
elimination. 'T'his is the pattern of a sub-total 
obstruction. 


Response H 


Thirty-three patients with dilated ureters have been ex- 
amined by this technique to date. Obstruction has been con- 
firmed in 19. These comprised seven primary megaureters, 
five patients after ureteric reimplantation, four patients with 
retroperitoneal fibrosis, two patients with ureteric compres- 
sion from malignant retroperitoneal nodes and one patient 
subsequently found to have an obstructing radiolucent 
ureteric calculus. Surgery has confirmed the obstruction in 
every case. Obstruction has been excluded in 14. These 
comprised five patients with persistent ureteric dilatation 
after reimplantation, four adults with ureterocoele, three 
patients with ureteric dilatation after ureterolithotomy and 
two patients with primary megaureter. The response to 
diuresis can be quantified to give the diuresis excretion 
index (O'Reilly et al., 1978). 

When applied in association with other radiological and 
radioisotope investigations, the diuresis renogram can make 
the distinction between stasis and obstruction and thus help 
to resolve the dilemma of the wide ureter. 

Yours, etc., 
P. H. O'RriLLv* 
R. S. Lawson 
R. A. SHIELDS 
H. J. TESTA. 


Departments of Urology, 

Nuclear Medicine and Medical Physics, 
Manchester Royal Infirmary, 
Oxford Road, Manchester, M13 9WL. 


REFERENCES 

Flower, C. D. R. 1977. Radiology now. Wide ureters, a 
dilemma in diagnosis. British Journal of Radiology, 50, 
539—540. 

O'RriLLy, P. H., Lawson, R. S., Suigtps, R. A, FESTA, 
H. J., CHaRLTON Epwarps, E. and CarroLL, R. N. P. 
1978. Proceedings of the 1977 Annual Meeting of the 
British Association of Urological Surgeons, Aberdeen. 
British Journal of Urology (in press). 





*Present address: Department of Urology, University 
Hospital of South Manchester, M20 8LR. 


(In reply) 
Tue EDITOR, Sir, 
Wipe Urerers, A DiLgEMMA IN DiAGNOSIS 

The technique of Dr. O'Reilly et al. is interesting but the 
interpretation of their results appears to beg certain impor- 
tant questions. It is of fundamental importance to define the 
term "obstruction". With the perfusion technique, ob- 
struction” can be defined in terms of a demonstrably in- 
creased pressure gradient between renal pelvis and bladder 
at varying known flow rates. I would ask what evidence they 
had for obstruction in the 19 cases in which obstruction was 
confirmed? Did they use a perfusion technique for this con- 
firmation or was it based on visual appearances and the 
passage of probes, both of which can be extremely mis- 
leading? 

The technique of renography is concerned with the 
measurement of isotopic transit time, which is only in- 
directly related to the presence or absence of obstruction. It 
depends also on other factors such as renal function, rate of 
urine flow, patient position and the size and shape of the 
urinary tract. I am puzzled, therefore, by the conclusions 
they draw from the use of a diuretic. For example, response 
III (a) where the initial renogram shows delayed transit but 
the diuretic renogram is normal, is taken as evidence of à 
non-obstructed tract. This presupposes that with the in- 
creased fluid load provoked by the diuretic, there is no in- 
crease in pressure or vis a tergo. I would suggest that there 
is, and that this increased pressure mav allow any obstruc- 
tion to be overcome, 





Yours, etc., 
C. D. R. Flower, 
Department of Diagnostic Radiology, 
Addenbrooke's Hospital, 
Hills Road, Cambridge CB2 2QQ. 


THE Eprron— S1, 
SKIN-SPARING EFFECT IN Fast NEUTRON RADIATION THERAPY 
The skin sparing effect in super voltage and telegamma 
radiotherapy is well known. In the case of fast neutron 
radiotherapy a similar effect is expected, though to a smaller 
extent, since the ranges of the secondary charged particles in 
tissue are smaller. For 14 MeV neutrons, for example, the 
maximum ranges in tissue of the highest energy secondaries 
produced in tissue are 2.2 mm (proton), 0.0054 mm (heavy 
recoil, say, oxygen), 0.134 mm (alpha particle from (7#, ao) 
event in oxygen). Thus, most of the build up of dose is 
within a millimetre or two. Further, the skin on the incident 
field is also exposed to the charged secondaries arising from 
the (1, alpha) and elastic scattering events taking place in the 
overlying air. Recent interface dosimetry studies by Bhatia 
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TABLE I 
DEPTH DOSE DISTRIBUTION IN TISSUE IRRADIATED WITH 14 MEV NEUTRONS AND THE CHARGED SECONDARIES (ALPHAS) ARISING 








FROM THE AIR ABOVE THE TISSUE (IN UNITS 10-19 RAD PER UNIT FLUENCE) 





























H (n.alpha) | Contribution arísing in tissue itself Total | 
| Depth in contribution | inclusive | 
i tissue, um from air (n, alpha) (a, p) of col. (2) Ratio 

i @) 8) (4) (7) (6)/(7) 

i 3.18 11.4 2.86 11.6 25.8 29.0 0.89 | 
i 2.73 11.9 3.9 11.6 26.7 29.5 0.91 | 
i 2.34 | 12.3 3.72 11.6 27.6 29.9 0.92 

| 2.00 | 12.7 4.10 11.6 28.4 30.4 0.93 | 
| 1.67 13.1 4.48 11.6 29.1 30.8 i 0.95 f 
i 1.38 13.4 4.84 11.6 29.8 31.2 0.96 | 
| 1.11 13.7 5.21 11.6 30.4 31.6 0.97 | 
| 0.89 i 13.9 | 5.57 11.6 31.0 31.9 | 0.97 l 
i 60 0.71 14.0 5.92 11.6 31.5 32:2 0.98 | 
j 2200 0 14.2 | 50.0 11.6 75.8 75.8 1.0 | 











and Nagarajan (1977) have yielded the various components 
of the skin dose at shallow depths. The components of the 
dose distributions, of interest to the present discussion, are 
given in Table 1, The depth of the basal layer of the skin 
would vary from patient to patient. Taking a range of thick- 
nesses of 2 to 5 mg/cm? (Harvey, 1971) for the depth of the 
basal layer of the skin which would be the case for about 
80°, of the patients, one can readily see from Table I that 
the air-contribution, in the form of alpha radiation, to the 
skin dose is about 10%, to 5?5 of the total dose. This total 
dose, however, is about 40°, of the equilibrium dose (or 
kerma)* which occurs at depths beyond 2 mm. This fraction 
af the dose (i.e. 5 to 10° of the total basal layer dose or 2 to 
4", of the equilibrium dose) can be avoided if the alpha 
particles (and heavy recoils) from the air are stopped by a 
material that has a low (#, alpha) cross section. Examples of 
such materials are lead, tin and gold. This reduction in dose 
would be all the more important as it is from the high-LET 
component of the dose. The usefulness of a lead filter in 
reducing the skin dose has been observed clinically 
(Caterall, 1974). 

Table 11 compares the conservative estimates of the 
(maximum) surface doses, on irradiation with 14 MeV 
neutrons, in the cases where skin is covered with a sheet of 
lead, tin, gold or aluminium and where it is not. The varia- 
tion of dose with depth contributed by the metal sheets 
considered was not computed due to paucity of nuclear data. 
However, it is hoped that the variation would be similar to 
that of air in Table I, Nevertheless the surface values do 
indicate the order of reductions that are easily obtainable. 
Further, it is necessary to keep the metal sheet as close to the 
skin of the entry beam portal as possible, as it is seen that 
even small air gaps of the order of a few millimetres would 
increase the skin dose (Nagarajan and Bhatia, 1977). On the 
other hand, due to the relatively large (2, p) and (n, alpha) 
cross sections, a thin. aluminium sheet of say a mm or so 
thickness would increase the skin dose very considerably. 
‘The same would be true if the skin is covered with a film of 
water or any hydrogeneous material, say any locally applied 
ointment. The above considerations and conclusions would 





*1n the above discussion only the first collision contribution 
is considered. The extra dose obtained due to further 
collisions would be small and, more important, it would be 
constant over this non-equilibrium region under discussion. 


TABLE H 
ESTIMATED SURFACE DOSE TO THE SKIN IRRADIATED BY 14 
MEV NEUTRONS AND COVERED WITH A THICK LAYER OF AIR, 
AL, Sx, Au on Pp* (1N UNITS OF 10°! RAD PER UNIT FLUENCE). 











Dose due tot Dose due to (n, pyt 
Material (n, alpha) reaction reaction 
Air 7364 1700 
Al 4843 3380 
Snt 10 90 
Au 13 16 
Pb§ 14 6 
‘Tissue 14216 49975 
Peete et a ere Me a nt 





*The values given are the conservative estimates of equi- 
librium dose. ‘The surface dose (skin dose at zero depth of the 
skin) would be 50%, of the given values for isotropic 
emission of the charged secondaries and, in no case, would 
exceed the given values. However, the (7, a) dose from air is 
the actual surface dose. 

t Wherever cross-section is available (x, a) dose is inclusive 
of (n, He), and (n, p) dose is inclusive of (n, d), except in the 
case of air. 

fFor isotopes of Sn with mass numbers 124, 122, 120, 119, 
117, 115, 114 (totalling 60%, of the natural abundance), (7, a) 
cross section is not available and hence assumed equal to 0. 
§For Pb??? (22.6% natural abundance), (1 a) cross section is 
not available and hence taken equal to 0. 


not be applicable for lower energy neutron beams like those 
of californium 252 fission neutrons or D-D neutrons. 
Yours etc. 
D, P. BHATIA, 

P. S, NAGARAJAN. 
Division of Radiological Protection, 
Bhabha Atomic Research Centre, 
Trombay, Bombay 400085, India. 
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‘Tue EDITOR—SIR, 
Wuere SHOULD A Fi. M BADGE pg Worn? 

Dr. J. Bray in his letter in the July 1977 issue requests the 
best place to wear the film badge and why. 

I advise residents to wear the film badge on their collars 
outside the lead apron. The film badge is worn to monitor 
whole body radiation under normal conditions. The NCRP 
(1968) sets the maximum permissible dose limit for the whole 
body, gonads, blood forming organs and lens of the eye at 
5 rem per year. When the lead apron is worn during fluoro- 
scopy, the lens of the eye is the organ at risk, as the other 
parts are adequately protected. Wearing the film badge on 
the collar, or better yet on the side of a scrub cap, gives a 
better indication of the eye exposure. 

I have heard the suggestion that two film badges be worn 
under those conditions. One under the apron for the whole 
body exposure and the other at the collar or near the eye for 
that exposure. I feel that this is unnecessary and generally 
will lead to bookkeeping problems in maintaining records of 
exposure, 





Yours, etc., 
M. W. HERMAN, 
Radiation Physicist. 
UCLA School of Medicine, 
Harbor General Hospital Campus, 
1000 Carson Street, 
'Torrance, 
California 90509, USA 
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Tue Eprror—Sir, 
S.I. Units 

M. E. Docker in his recent letter (1977) about S.J. no- 
tation states "although the Americans appear to be es- 
pecially reluctant, there is no good reason for delaying the 
introduction of S.I. wherever possible as soon as possible". 

This typifies the attitude of S.I. protagonists who seem 
bent on change for (apparently) change's sake. 

Has not M. F. Docker considered why the Americans are 
reluctant? Perhaps they are under less pressure than we have 
been, and are thus able to consider the wisdom of a change in 
units in greater depth than we can in Britain. 

Surely your correspondent did not mean "wherever 
possible". As a physicist he is better placed to judge the 
benefits which may be gained in the physics field, but not in 
clinical medicine. Radiotherapists have to deal with people, 
not merely biochemical complexes, and there has been 
vigorous debate about the introduction of S.I. into clinical 
medicine (Clark and Sheldon, 1975; Baron, 1975; Bold and 
Wilding, 1975), suggesting that many are not convinced of 
S.I.'s “advantages”. 

The introduction of the gray in deference to the 5.1. 
authorities has obvious dangers when the conversion is bv 
the moving of a decimal point. Already I regret to see it 
appearing in your journal. My wish is that you will never 
abandon the rad, to prevent mistakes. 

Patients who receive necrotizing doses of radiation as à 
result of a misplaced decimal point will not be appreciative 
of the zeal of S.I. protagonists or the system they commend. 
Any change which complicates patient management (as the 
gray-rad substitution will), with no benefit to the patient, is 
to be deplored. 

Yours, ete., 
S. P. Marr 
Radiotherapy Department, 
Cookridge Hospital, 
Leeds LS16 6QB. 
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Proceedings of the British Medical Ultrasonics Group 
Abstracts of papers presented at the Eighth Annual Meeting of the British Medical Ultrasonics Group held at 


Ninewells Hospital, Dundee on December 20 and 21, 1976 


T'he San Francisco meeting, by P. N. T. Wells. A 
Ultrasonic examination in gynaecology, by A. Kratochwil. 
‘The real-time revolution, by T. A. Whittingham. 


"The present position of ophthalmic echography, by G. R. Sutherland. 


Ultrasonic examination in orthopaedics, by A. Kratochwil. 


Grey scale ultrasound diagnosis of pancreatic disease, by H. Meire. 
Comparison of a real-time scanning machine with a conventional A- and B- scanning machine, by M. F. Docker. 
Echocardiography of cyanotic congenital heart disease with a real-time 60 deg. sector scanner, by A. B. Houston, N, L. 





Gregory, A. Shaw, D. J. Wheatley and E. N. Coleman. 


Mechanical real-time ultrasonic B-scanners for heart and abdominal studies, by W. N. McDicken, C. R. Bow, T. Anderson, 


G. B. Young and K. Boddy. 


Cross-sectional echocardiography in mitral prolapse, by R. A. Lerski, P. Morley and J. C. Rodger. l 
A doppler ultrasound vascular diagnostic system, by B. A. Coghlan, R. G. Gosling, D. H. King and M. G. Taylor. 
Trgnscutaneous measurement of common carotid artery blood flow using ultrasound, by M. J. Lunt, J. R. Reuben and 


E. P, G. H, du Boulay. 


A comparison of A-scan plus T-M scan and pulsed doppler monitoring of fetal breathing activity, by R. McHugh, W. N. 


McDicken, K. Boddy and G. B. Young. 


An investigation into the accuracy of doppler blood vessel imaging, by P. J. Fish, I. M. Wilson and D. Walters. 

Direct measurement of area and perimeter from ultrasonic images, by J. E. E. Fleming, A. J. Hall and B. Wittman. 

‘The ultrasonic estimation of liver volume, by G. Cusick, S. Cusworth, R. J. Blackwell and F. R. Vicary. 

Digital processing of ultrasound images, by R. C. Waag, R. Gramiak, P. K. Lee and J. Astheimer. 

"The internal structure of liver tumours, by T. Bloomberg, D. O. Cosgrove, V. R. McCready and D. H. Rose. 

Diffration characterization of tissue using ultrasound, by R. Gramiak, L. P. Hunter, P. P. K. Lee, R. M. Lerner, E. 


Schenk and R. C. Waag. 


"Transient sound fields from multi-element arrays, by J. C. Gore and 8. Leeman. 

An assessment of distortions produced by multi-element arrays, by J. C. Gore, 5. Leeman and R. B. Pridie. 
Comparison of two methods of constructing multi-element arrays, by M. J. Lunt. 

Ultrasonic assessment of fetal renal function, particularly in relation to liquor volume, by J. W. Wladimiroff. 
Ultrasonic study on the growth of the placental implantation area in human pregnancy, by K. Vandenberghe. 


Estimation of fetal weight, by J. Higginbottom. 


Ultrasonic measurements of the placenta: reproducibility and clinical importance, by K. Vandenberghe. 
Ultrasonic measurement of fetal head and chest area in relation to fetal growth, by J. W. Wladimiroff. 


Reprints of these abstracts are available free on application to the General Secretary, THe BRITISH INSTITUTE OF RADIOL- 
oov, 32 Welbeck Street, London W1M 7PG, telephone 01-935 6237. 


THE SAN FRANCISCO MEETING 
By P. N. T. Wells 


Department of Medical Physics 
Bristol General Hospital 
Bristol BST 6SY 


This meeting comprised the fifth meeting of the American 
Society of Ultrasound Technical Specialists, the first 
meeting of the World Federation of Ultrasound in Medicine 
and Biology, the Third World Congress of Ultrasonics in 
Medicine, the Sixth Meeting of SIDUO, and the 21st 
Meeting of the American Institute of Ultrasound in 
Medicine. It was held in San Francisco, August 1-7, 1976. 
A total of 504 papers were presented. There were 56 
acientific exhibitors. The opening address, "The Ultra- 
sonic Boom", was delivered by Professor lan Donald. In 
this résumé, 11 of the papers were selected for discussion: 
they dealt with phase cancellation effects, the measurement 
of ultrasonic attenuation in normal and infarcted myo- 
cardium, a phased array sector scanner, a multi-purpose 
water bath scanner, grey scale display on a bistable tube, the 
design of a wedged transducer, the relative merits of CT 
and ultrasonic scanning in abdominal diagnosis, fetal 
breathing, Doppler evaluation of cerebrovascular disease, 
hybrid B-scan/Doppler imaging, and ultrasonic CT scan- 
ning. Some particularly interesting commercial develop- 
ments were mentioned. It was decided to hold the Fourth 





WFUMB in Japan in 1979, the Fifth in Europe in 1982, 
and the next European Federation meeting in Bologna in 
1980. 


ULTRASONIC EXAMINATION IN GYNAECOLOGY 
By A. Kratochwil 
Universitüts- Frauenklinik, Wien, Austria 


Because of the variation in anatomy, ultrasonic examination 
in gynaecology is a greater challenge to the examiner than 
the application in obstetrics with its well known anatomy. 

By studying the echo-anatomy of the female pelvis it has 
become possible not only to outline and to differentiate 
gynaecological tumours but also to study physiological 
changes in the genital organs. 

For instance, the growth of the uterus or changes in size 
during the menstrual cycle can be evaluated. 

Of special interest however is the facility to outline 
maturing follicles in the ovaries during the menstrual cycle 
and in patients stimulated with hormones. 

These examination results are in good correlation with 
hormone-analytic parameters. 

Especially in stimulated cycles, an overstimulation can 
be detected as early as possible by ultrasonic monitoring of 
the ovaries. 
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For the examination of the ovaries a new endoscopic 
probe to be used during laparoscopy was constructed. 

Furthermore, ultrasonic examination in gynaecology 
forms the basis of exact radiotherapy treatment-planning 
and for the evaluation of the treatment. 


THE REAL-TIME REVOLUTION 
By T. A. Whittingham 


Regional Medical Physics Department 
Newcastle General Hospital 
Newcastle upon Tyne 


A review of the principle methods of producing real-time 
ultrasonic images for medical diagnosis. Comparison will be 
drawn between methods based on point by point scanning 
of the target field and methods in which information from 
all points in the field is simultaneously detected. The 
former group of methods includes electronically steered or 
stepped transducer arrays and mechanical scanning system, 
while the latter includes the ultrasound camera, holography 
and digital deconvolution systems. 

The benefits and potential developments that high 
quality, real-time imaging can provide will be discussed. 


THE PRESENT POSITION OF OPHTHALMIC ECHOGRAPHY 
By G. R. Sutherland 


Department of Radiology 
Southern General Hospital, Glasgow 


‘The paper reviews the development of the use of ultrasound 
in ophthalmic disorders, concentrating mainly on the 
application of B-scan systems. The range of pathological 
processes which can be displayed using the technique were 
illustrated and the contribution which ultrasound examin- 
ation makes to clinical management discussed. 


ULTRASONIC EXAMINATION IN ORTHOPAEDICS 
By A. Kratochwil 


Universitáts-Frauenklinik, Wein, Austria 


'The findings of ultrasonic examinations in bone and soft 
tissue tumours are evaluated for the pre-operative tumour 
description concerning the size, the border, the structure, as 
well as the topographic situation. 

'The results of ultrasonic tomograms are also compared 
with those of X rays and angiography. It seems that with 
this simple method a valuable additional examination for 
diagnosis and therapy of tumours of bone and soft tissues Is 
given which also does not stress the patient. 


GREY SCALE ULTRASOUND DIAGNOSIS OF 
PANCREATIC DISEASE 


By H. Meire 


Clinical Research Centre 
Northwick Park, London 


During the past year, 105 patients with suspected pancre- 
atic disease have been examined on a commercial grey scale 
ultrasound machine (Nuclear Enterprises Diasonograph). 


'To date, full clinical follow-up has been obtained on 40 
patients. 

The pancreas was successfully visualized in 30 (73%) of 
the cases with completed follow-up; upper abdominal gas 
prevented visualization in the remaining 25%. The majority 
of non-visualized pancreases were clinically normal on 
follow-up. 

In the visualized group with follow-up the correct 
diagnosis was made by ultrasound in 27 (90%), the diag- 
nostic errors consisting of two false positives and one false 
negative. 

The technique used for pancreatic scanning was discussed 
and examples of the typical appearances of the normal pan- 
creas and of inflammatory and neoplastic disease was pre- 
sented. 








COMPARISON OF A REAL-TIME SCANNING MACHINE 
WITH A CONVENTIONAL A- AND B- SCANNING 
MACHINE 


By M. F. Docker 
Birmingham Maternity Hospital 


It is apparent that dynamic, real-time ultrasound scanning 
equipment will be used increasingly for obstetric examin- 
ations. Standard real-time scanners are not usually pro- 
vided with A-scan facilities and thus are not capable of 
such high accuracy when used for measurement. However, 
the ease with which the mid-line structure can be identified 
enables quicker and thus more reliable measurement of the 
fetal biparietal diameter to be made, especially when the 
fetus is moving. We compared a Kretz-ADR real-time 
scanner with a Kretz Combison conventional scanner, ‘The 
results presented demonstrate that measurement was as 
accurate, as reproducible and quicker with ADR than with 
Kretz Combison. 

'The ability to visualize moving structures enhanced the 
appearance of the display immensely, Fetal movement, 
breathing, cardiac activity, and cord were readily seen. The 
ability of the acoustic shadowing by fetal parts to mask the 
placenta was clearly demonstrated. The real-time scanner 
would appear to offer an exciting complement to an existing 
scanner, and a satisfactory substitute where no scanner yet 
exists. 


ECHOCARDIOGRAPHY OF CYANOTIC CONGENITAL 
HEART DISEASE WITH A REAL-TIME 60 DEG. SECTOR 
SCANNER 


By A. B. Houston, N. L. Gregory, A. Shaw, 
D. J. Wheatley and E. N. Coleman 


Royal Hospital for Sick Children and 
Department of Clinical Physics and Bio-engineering 
Glasgow 


A wide angle (60 deg.) mechanical sector scanner producing 
a real-time two-dimensional echocardiogram has been used 
to assess great artery anatomy in 28 infants and children 
with cyanotic congenital heart disease. Longitudinal scans 
show the relationship of the mitral valve and ventricular 
septum to the posterior great artery, and transverse scans 
the spatial relationships of great arteries. In 19 patients the 
echocardiographic examination was preceded by definitive 
diagnosis by angiocardiography: ten with transposition of 
the great arteries showed echocardiographic evidence of 
parallel great arteries; four with Fallot’s tetralogy showed 
normally related great arteries with an over-riding aorta; 


227 





Vot. 51, No. 603 


Proceedings of the British Medical Ultrasonics Group 


four with double outlet right ventricle had parallel great 
arteries, but only two clearly showed that both great 
arteries arose from the right ventricle; one with persistent 
truncus arteriosus showed a single artery with abnormal 
cusp echoes, Eight infants and a nine-year-old boy were 
examined prior to angiography: in all eight infants the 
echocardiographic assessment closely correlated with that 
found at angiography; in the other child with corrected 
transposition the appearance was initially misinterpreted as 
normally related great arteries. ‘Two-dimensional echo- 
vardiography, by providing information which cannot be 
abtained by other non-invasive techniques, allows better 
planning of subsequent cardiac catheterization and angio- 
cardiography. 


MECHANICAL REAL-TIME ULTRASONIC B-SCANNERS 
FOR HEART AND ABDOMINAL STUDIES 


By W. N. McDicken, C. R. Bow and T. Anderson 


Department of Medical Physics 
Royal Infirmary, Edinburgh 


G. B. Young and K. Boddy 
Simpson Memorial Maternity Pavilion, Edinburgh 


‘The mechanical approach to real-time B-scanning is 
discussed in comparison to electronic scanning systems. 
The requirements of a mechanical scanner are considered 
such as frame rate, field of view, smoothness of operation 
and suitability for particular applications. Real-time B- 
scanners are described for heart and abdominal scanning. 
These scanners are based on the principle of rotating a 
standard transducer. Results of their application in heart, 
abdominal and fetal breathing studies were presented, 


CROSS-SECTIONAL ECHOCARDIOGRAPHY IN MITRAL 
PROLAPSE 


By R. A. Lerski, P. Morley and J. C. Rodger 


Department of Clinical Physics and Bioengineering 
West of Scotland Health Boards, and 
Department of Diagnostic Radiology, Western Infirmary 
Medical Division, Stobhill General Hospital, Glasgow 


Multiple beam cross-sectional echocardiograms were 
recorded in 25 patients with clinical and single beam 
echocardiographic findings consistent with mitral prolapse. 

Cross-sectional scanning demonstrated mitral prolapse in 
22 patients and allowed three main groups to be defined. 
(1) In 14 patients the mitral anterior leaflet was elongated, 
the chordae to it were slack and it impinged on the inter- 
ventricular septum in diastole. During systole, in 11 of 
these patients the anterior leaflet formed an arc in the left 
atrium, making contact with its posterior wall close to the 
atrio-ventricular junction, while in three, systolic prolapse 
was less extensive. (2) In four patients both leaflets appeared 
elongated; in diastole both were abnormally mobile and in 
systole both prolapsed. (3) In four patients the anterior 
leaflet appeared thickened and possibly folded; systolic 
prolapse was into the upper part of the left atrium. 

Some features of the conventional echocardiogram were 
explained by single element selection. from the cross- 
sectional scans. 

Because it demonstrates the extent and direction of 
mitral prolapse, cross-sectional echocardiography has 
advantages over the single beam method in the investigation 
af this disorder. 


A DOPPLER ULTRASOUND VASCULAR DIAGNOSTIC 
SYSTEM 


By B. A. Coghlan, R. G. Gosling, D. H. King 
and M. G. Taylor 


Non-Invasive Angiology Group 
Guy's Hospital, London 


Using two Doppler velocity detectors simultaneously to 
define the ends of a peripheral arterial segment (usually 
convenient "pulse" sites), the effects of the segment on 
waveform shapes can be deduced. With real-time spectrum 
analysis of the Doppler-shifted velocity signals it is possible 
to numerately diagnose pathological states such as severe 
stenosis and block with a classification of collateral. T'hese 
measurements are non-invasive and repeatable, improving 
patient management and allowing effects of pharmaco- 
logical agents and surgical intervention to be followed 
objectively. 

The Doppler velocity detectors are fed to a two channel 
real-time spectrum analyser (Spectrascribe) and the hard- 
copy analyser output (or sonogram) is used to obtain the 
maximum frequency outlines of the two spectra, i.e. sono- 
gram waveform using a digitizer and computing calculator 
(Auto-Graph). From the two sonogram waveforms, the 
parameters T and PI may be found independently of probe- 
vessel alignment. Transit time, T, is the time delay between 
the onset of systolic flow at the two sites (foot to foot time), 
and pulsatility index, PI, the ratio of maximum excursions 


normalized using figures for a patent vessel of comparable 
age, and the systolic pressure measured in the segment 
under observation. In comparison with arteriography on 
over two hundred vessel segments, diagnostic threshold 
values An, Tn, emerge, permitting numerical assessment of 
vessel segment state. 

This system is capable of performing in the presence of 
many interfering signals such as flow in adjacent vessels, 
poor signal to noise ratio or radio interference. It may be 
used in many other ways, e.g. stress testing of patients for 
numerate diagnosis of Raynaud's phenomena and pre- 
diction of efficacy of sympathectomy. 

The initial outlay and running costs of this system are 
cost-effective when compared with in-patient expenses for 
arteriography alone, and other savings accrue whilst 
patient management improves. At present the commercial 
production of the equipment is being considered by an 
international medical equipment manufacturer, 

Support for this work has come from various sources, 
including Servier (UK) Ltd, Niagara Therapy (UK) Ltd, 
The Wellcome Trust, and British Oxygen Co. Ltd, to whom 
we are most grateful. 


TRANSCUTANEOUS MEASUREMENT OF COMMON 
CAROTID ARTERY BLOOD FLOW USING ULTRASOUND 


By M. J. Lunt 


Department of Medical Electronics 
St. Bartholomew's Hospital, London EC1A 7BE 


J. R. Reuben and E. P. G. H. du Boulay 


X-ray Department : 
National Hospital for Nervous Diseases, London, W.C.1 


A transcutaneous method for measuring carotid blood flow 
would be useful in the diagnosis of both carotid artery 
disease and cerebro-vascular insufficiency. In principle, 
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blood flow can be calculated by combining measurements of 
blood velocity and vessel diameter, both of which can be 
made transcutaneously using ultrasound. This paper 
examines the feasibility and accuracy of this method. 

Blood velocity was measured using the Parks 806 direc- 
tional Doppler. The audio output at two different probe 
angles was recorded on magnetic tape and subsequently 
replayed through both a zero crossing detector and a 
spectral analyser. The performance of the zero crossing 
detector was assessed by comparison with the spectral 
analysis. The angle of the probe to the vessel was calcu- 
lated by comparing the spectra of the two audio signals, and 
the zero crossing output was then used to measure blood 
velocity, with an estimated error of 10%. 

Artery diameter was measured using a Smith Klein 
Ekoline 20 which was modified to give linear B scan pictures 
to aid identification of the artery. A series of measurements 
made during carotid angiography showed that the diameter 
could be measured with about 15% error. 

The common carotid blood flow of ten patients was 
measured using these techniques. All patients underwent 
subsequent angiography. Six were normal and in these the 
measured flow varied from 4.2 to 7.9 ml s-t (mean 6.2 
ml s^!) This agrees with measurements made with the 
electromagnetic flowmeter. Three patients had mild arterial 
stenosis and in these the measured flows were 7.8, 7.8 and 
9.2 ml s~}. The patient with the largest flow (14.0 ml s-!) 
had a large parieto-temporal mass. It is unlikely that the 
large spread is due solely to error in the measurement. 

In conclusion, common carotid blood flow can be 
measured with about 30% error using this technique, and 
the difference in flow between normal and abnormal 
patients suggests the method is worth developing. 


A COMPARISON OF A-SCAN PLUS T-M SCAN AND 
PULSED DOPPLER MONITORING OF FETAL BREATHING 
ACTIVITY 


By R. McHugh and W. N. McDicken 
Department of Medical Physics Royal Infirmary, Edinburgh 
K. Boddy and G. B. Young 


Simpson Memorial Maternity Pavilion, Edinburgh 






Initially fetal breathing was detected and monitored using 
an A-scan unit plus a gated T-M trace. This method is 
very demanding of the skill and time of the operator since it 
required a distinct chest or abdominal wall echo always to 
be present in the gated range. Difficulties associated with 
the technique were discussed. A pulsed doppler instru- 
ment was described which has been developed with a view 
to monitoring tissue movements within the fetal chest or 
abdomen. This instrument uses a single crystal 2.5 MHz 
transducer. A comparison of A-scan plus T-M scan and 
pulsed doppler recordings of fetal breathing activity were 
presented. Other possible applications of pulsed doppler 
ultrasound in obstetrics were discussed. 


AN INVESTIGATION INTO THE ACCURACY OF 
DOPPLER BLOOD VESSEL IMAGING 


By P. J. Fish, I. M. Wilson,* and D. Walters 


Department of Medical Physics 
King's College Hospital, London, S.E.5 


Doppler blood flow detectors have been used by a number of 
workers (Hokanson et al., 1972, Fish, 1975) to image blood 


2 


vessels transcutaneously. Unfortunately the dimensions of 
the images generated are determined not only by the blood 
vessel dimensions but also by the beam or the sampling 
volume (if a pulsed flow detector is used) dimensions and 
the doppler signal detection circuitry. In addition, random 
errors in the image dimensions arise from two main sources. 
Firstly, as a result of the stochastic nature of the ultrasound 
signal scattered from blood, the detection of blood flow is 
governed by a probability function. This means that the 
system will not detect and image moving blood at some 
points within a vessel, during a scan of that vessel, Secondly, 
if the flow detector is a multichannel pulsed instrument then 
the registration of blood vessel and the multiple flow 
detection points will vary with the degree of pressure 
applied to the probe when scanning. 

An investigation of the accuracy of doppler blood vessel 
imaging has been progressing on three fronts. (1) A com- 
parison of results obtained im vivo with results obtained 
using established techniques. (2) A computer modelling of 
the measurement technique. (3) Measurements in vitro. 

'The results of preliminary work (Day et al., 1976) using 
the technique to detect leg vein thrombosis in the lower 
limbs have been encouraging and the results of the computer 
modelling and measurements in vitro have indicated that 
errors in cross-sectional area measurement of less than 555 
in vessels of the order of 8 mm diameter should be achiev- 
able. 





*Seconded from G.E.C. Hirst Research Centre, Wembley, 
Middlesex. 


REFERENCES 

Dav, T. K., Fis, P. J., and Kakkar, V. V., 1976. Detection 
of deep vein thrombosis by doppler angiography. 
British Medical Journal, 1, 618—620. 

Fisu, P. jJ, 1975. Multichannel, direction-resolving 
doppler angiography. Proceedings of the Second European 
Congress on Ultrasonics in Medicine, Munich, 153-159, 

HokaNsoN, D. E. Mozersky, D. jJ. Sumner, D. S, 
McLeop, F. D., and Srranpness, D. E., 1972, Ultra- 
sonic arteriography. Radiology, 102, 435-436. 


DIRECT MEASUREMENT OF AREA AND PERIMETER 
FROM ULTRASONIC IMAGES 


By J. E. E. Fleming, A. J. Hall and B. Wittman 
Queen Mother's Hospital, Glasgow 


Measurement is an important part of obstetrical ultrasound 
and increasing attention is being paid to the determination 
of head/chest areas and perimeters as indices of fetal 
maturity. The usual methods of measurement use a plani- 
meter and map measurer but such approaches are tedious 
and potentially subject to error. 

A quick and convenient electronic means of area and 
perimeter measurement has been developed which, in 
principle, has the accuracy of the electronic caliper found in 
most B scan equipment. The device utilizes the caliper to 
produce a marker dot on the screen which is steered round 
the outline by a joystick control unit. Voltages derived from 
the unit enable area and perimeter to be electronically 
calculated and displayed. To facilitate the measurement 
process a scan converter fitted to an NE 4102 Diasonograph 
has been adapted for multiple picture storage. Then, for 
example, head and chest sections may be obtained and the 
measurements performed at leisure. 
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THE ULTRASONIC ESTIMATION OF LIVER VOLUME 


By G. Cusick, S. Cusworth, R. J. Blackwell and 
F. R. Vicary 


Departments of Medical Physics and Bio- Engineering and 
Clinical Ultrasound, University College Hospital, London 


A measurement of liver volume may be of use in a number of 
echnical situations. Over the past few years, several workers 
have shown that an estimate of liver volume may be calcu- 
lated from sets of ultrasonic scans. 

‘The estimate of volume obtained can only be as accurate 
or reproducible as the worst step in the path from scan to 
volume estimate, One source of error is the calculation of 
area within a section from the outline of that section. This 
paper described two means of calculating the sectional area, 
one of which is computationally simple, but subject to 
considerable errors with complex outlines. The second 
method described requires more complicated computation, 
but is not prone to such errors. Using this second technique 
a consistency of volume estimate better than 3*5 has been 
obtained. 

laver volume estimates have been made in a number of 
normal volunteers. Preliminary data obtained in a study of 
thalasaemic children will be presented. 


DIGITAL PROCESSING OF ULTRASOUND IMAGES 


By R. C. Waag, R. Gramiak, P. K. Lee and 
J. Astheimer 


Departments of Electrical Engineering and Radiology 
(Diagnostic), University of Rochester, Rochester 
New York, 14642, U.S. A. 


Digital processing of pulse echo ultrasound data recorded 
during patient examinations employing moving beams has 
been applied to improve boundary continuity and definition 
0f structure, to extract time-motion records including those 
not directly obtainable transcutaneously, and to show 
spatial and temporal changes in signals from heart struc- 
tures as they move during the cardiac cycle. Processing is 
carried out on data that have been arranged in matrices 
consisting of 256 x 256 points with eight bits of amplitude 
resolution, Interpolation has been used to produce frames 
with continuous depiction of structure from a minimum 
number of ultrasound scan lines, thereby overcoming the 
constraints imposed on real-time imaging systems which 
must divide available data according to resolution over 
angie of scan and frame rate. Signal averaging and peak 
detection are easily accomplished with the matrix data to 
eliminate artificial amplitude variations induced by com- 
pound scanning of the ultrasonic beam and non-ideal 
structure illumination, Two-dimensional Fourier trans- 
forms have been used to enhance images by applying various 
filter functions including de blocking, Laplacian edge 
detection, and smoothing windows. Sequences of two- 
dimensional spectra display time variations of cardiac 
image spatial frequency content throughout the heart 
cycle. Histograms of signal amplitude have permitted 
redistributions of echo amplitude for improved grey scale 
display of small differences. Digital processing of ultrasound 
data promises to provide new information for non-invasive 
medical diagnosis of normal and abnormal conditions. 


THE INTERNAL STRUCTURE OF LIVER TUMOURS 


By T. Bloomberg, D. O. Cosgrove, 
V. R. McC ready and D. H. Rose 


Royal Marsden Hospital, Sutton, Surrey 


While the accuracy of "B" ultrasound with grey scale in 
detection of liver metastases has been reported on several 
occasions and is generally agreed upon, the appearance of 
these deposits is a matter of controversy. Ín this series 
focal metastatic lesions have been studied in an attempt to 
quantitate the level of echoes returned. This was done by 
adjusting the signal attenuation to restore the echo levels 
from the deposit to those produced by surrounding normal 
liver. A range of + 10dB was found with a suggestion that 
the higher echo je els were from deposits of gut origin. 
When thus compensated most lesions have echo patterns 
undistinguishable from normal liver. 


DIFFRACTION CHARACTERIZATION OF TISSUE USING 
ULTRASOUND 


By R. Gramiak, L. P. Hunter, P. P. K. Lee, 
R.M.Lerner,E. Schenk and R. C. Waag 


Departments of Radiology ( Diagnostic) 
Electrical Engineering and Pathology 
» York, U.S.A 


University of Rochester, New 


Wave interference has been applied to characterize tissue 
ultrasonically by measurement of scattered ultrasound 
intensity as a function of angle and frequency. Data have 
been collected using a computer-based system which can also 
control transducer-specimen orientation during the course 
of experiments, Model studies using diffraction. gratings 
have provided calibration information about beam width 
and alignment problems and the effects of beam non- 
uniformity on the ability of the system to measure diffrac- 
tion. Gratings with spacings ranging from 0.51 to 1.52 mm 
were studied theoretically and experimentally. 

Fourier analysis of experimental data collected with 
precise transducer alignments and the target in the far field 
produced results which were within 5% of those predicted 
by calculations for single scattering from points. Tissue 
studies have been carried out on specimens obtained at 
autopsy. The studies established that differences in ultra- 
sound scattering could be detected and hypotheses have 
been formed to relate alterations in tissue structures as 
determined microscopically with those observed using 
ultrasound. Available liver specimens studied ultrasonically 
were imaged microscopically and characterized according to 
uniformity of abnormal element distributions, presence of 
large vessels, amount of connective tissue and lobule size. 
These characteristics have been used to group specimens 
with common features for extensive analysis. The capa- 
bility of determining structure with ultrasound by employing 
the concepts of wave interference has been demonstrated. 
In vitro studies yield data which appear to show how 
various disease processes alter tissue structure. 


TRANSIENT SOUND FIELDS FROM MULTI-ELEMENT 
ARRAYS 


By J. C. Gore and S. Leeman 


Department of Medical Physics, 
Hammersmith Hospital, London 


The conventional, continuous wave description of the 
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acoustic sound field from a transducer was shown to be of 
limited applicability to pulsed arrays. The implications for 
array design of several interesting and important differences 
from the continuous wave field were discussed and illust- 
trated by considering the field from a simple two element 
array. The differences in behaviour between switched and 
phased arravs was emphasized but shown to have limited 
consequences in practice. A summary of the techniques 
that are available to describe realistic sound fields was 
given. 


AN ASSESSMENT OF DISTORTIONS PRODUCED BY 
MULTI-ELEMENT ARRAYS 


By J. C. Gore and 5. Leeman 


Department of Medical Physics 
Hammersmith Hospital, London 


R. B. Pridie 
Department of Radiology, Harefield Hospital, Middlesex 


lmages of cross-sections through the heart produced by 
real-time linear scanners, sector scanners and by ECG 
triggered B scanners, show variations in organ shape which 
suggest there are systematic distortions associated with each 
type of scanner. Unlike conventional B scanners, present 
real time multi-element arrays have wide, diverging sound 
fields which scan in a fixed geometrical pattern, so that 
echoes are misplaced in the image and there is no inte- 
gration of information from compound scanning. Distortions 
of shape therefore arise and these were demonstrated with 
examples. It was shown that the severity of such distortions 
depends not only on the transducer directivity but also on 
the nature of the reflecting interface. The precise form of 
the distortion of shapes also depends on the scanning 
geometry of the system. The characteristics of three real- 
time linear scanners were compared, and the relevance of 
distortions particular to these systems to quantitative 
clinical measurements was discussed. 


COMPARISON OF TWO METHODS OF CONSTRUCTING 
MULTI-ELEMENT ARRAYS 


By M. J. Lunt 


Department of Medical Electronics 
St. Bartholomew's Hospital 
London ECIA 7BE 


Real time ultrasonic scanning can be performed using 
multi-element arrays. The quality of the pictures obtained 
with this technique is limited by the shape of the ultrasonic 
beam which depends on the method of construction of the 
transducer. Multi-element arrays can be made on the one 
hand from single large piezo electric crystals with the 
individual elements defined solely by the silvered elec- 
trodes, or alternatively from many small crystals each of 
which is a single element. These two alternatives represent 
the maximum and minimum mechanical coupling between 
adjacent elements, and in this paper beam shapes from 
similar transducers made in these two ways are presented 
and compared. 

The beam shapes were plotted by moving a small ball 
bearing in the field and measuring the strength of the 
received echo using a standard A-scan instrument. The 
results show that the transducer with maximum mechanical 
coupling had greater sensitivity and gave a narrower beam. 


ULTRASONIC ASSESSMENT OF FETAL RENAL FUNCTION, 
PARTICULARLY IN RELATION TO LIQUOR VOLUME 


By J. W. Wladimiroff 


Department of Obstetrics and Gynaecology 
Academic Hospital Rotterdam-Dijkzigt, 
Dr. Molewaterplein 40, Rotterdam 3002, Netherlands 


The hourly fetal urine production rate (HFUPR) was 
measured by means of ultrasound. In 189 normal cases, 
the mean HF UPR varied from 3.3 ml at 25 weeks to 27.4 ml 
at 40 weeks of gestation. Beyond 40 weeks there appears to 
be a reduction in HFUPR. Fetal urine production rate 
depends on the glomerular filtration rate of plasma (GFR) 
and the percentage tubular reabsorption of water (TRW). 
GFR was estimated on the basis of the creatinine clearance: 
HFUPR 

60 
creatinine in cord plasma 


TRW was calculated from the HFUPR and GFR. 


In 25 normal pregnancies between 37 and 42 weeks GFR 
of plasma varied from 2.0 —7.3 ml/min (mean 4.2). This is 
equivalent to 15.8--58.2) ml/min/1.73m? (mean 34.3). 
TRW varied from 76.2 to 94.9%, (mean 89.5). 

Fetal urine production and amniotic fluid volume (AFV) 
were measured in 67 normal pregnancies between 36 and 
41 weeks of gestation. No relationship between fetal 
voiding and AFV was found. Beyond 40 weeks a slight 
reduction in HFUPR was accompanied by a distinct drop in 
AFV. 

In fetal growth retardation (fetal weight < 1075; n 
there appears to be a relationship between reduced fe 
urine production and oligohydramnios. In 16 cases of 
diabetes mellitus HFUPR was mostly within the normal 
range, occasionally even below it. The same was observed in 
polyhydramnios (AFV > 1500 ml, n 13). 


creatinine in fetal urine X 





GFR= 





ULTRASONIC STUDY ON THE GROWTH OF THE 
PLACENTAL IMPLANTATION AREA IN HUMAN 
PREGNANCY 


By K. Vandenberghe 


Department of Obstetrics and Gynecology — 
Academisch Ziekemhuis Sint-Rafael, University of Leuven 
B-3000 Leuven, Belgium 


Size and growth of the implantation area of the human 
placenta, and the relation of the placental bed size to the 
total intra-uterine surface were studied in the course of 
pregnancy. 

From several abdominal scans the diameters of the 
placental basal plate, of the chorionic plate, and of the base 
of the segment occupied by the placenta, were measured; 
the thickness of the placenta and the height of the segment 
were also assessed. The uterine diameters and the internal 
uterine circumference were determined as well. By intro- 
ducing these measurements into two equations, the surface 
area of the placental implantation site, and the total internal 
uterine surface were calculated. Reproducibility and 
accuracy of the method have been evaluated. 

A cross-sectional study was made in a group of pregnant 
women with known gestational age from 12 weeks on. All 
the measurements were plotted against gestational age; 
mean values and standard deviations were calculated for 
each week of pregnancy, and the regression line for each 
measurement was studied. The relation of the placental bed 
measurements to the uterine measurements in the course of 
pregnancy was also examined. A number of subjects are 
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now being re-examined at regular intervals, in order to 
study the individual placental growth curves. The first 
results and possible physiological and clinical implications 
are discussed. 


ESTIMATION OF FETAL WEIGHT 
By J. Higginbottom 
Withington Hospital, Manchester 


À method is described to estimate fetal weight using ultra- 
seund. It is based on the assumption that the weight of the 
fetus or its volume, as the density is approximately one, 
will be related to the cube of one or more linear dimensions 
af the fetus. The dimension initially chosen was the fetal 
trunk circumference at the level of the liver. The circum- 
ference can be measured from a polaroid photograph of a 
B-scan taken transverse to the fetus and correcting for the 
known magnification. The appearance of the ductus 
venosus as two parallel lines enables the B-scan images to be 
made at the correct level on the fetus. 

With this technique it was found that in predicting 
birth-weight the mean error was approximately 100 g and 
only rarely exceeded 250 g in babies of less than 3500 g. 
The results were reliable in babies down to 1000 g and in 
wire experimental work has shown it to be reliable also in 
abortuses below 500 g. 

Above 3500 g much greater errors occurred probably due 
to the greater variation in fetal shape. 'To overcome this a 
multi-factorial method has been developed. The same cubic 
relationship is used but this time the fetal weight is cal- 
culated from the cube of the sum of the trunk circumference, 
the biparietal diameter and a longitudinal measurement of 
the fetus. Although at present only 50 birthweights have 
been predicted by the improved method, the overall 
accuracy is similar but this time also in the larger babies up 
to 5000 g birthweight. 

A high standard of ultrasound imaging is required but we 
find that with practice we are able to obtain satisfactory 
pictures in 907, of cases. The technique usually takes less 
than ten minutes to perform and thus can be used on a 
serial or routine basis. It appears that the technique should 
be useful for the obstetric clinician in monitoring the at-risk 
pregnancy or in determining the mode of delivery in 
difficult cases. 


ULTRASONIC MEASUREMENTS OF THE PLACENTA: 
REPRODUCIBILITY AND CLINICAL IMPORTANCE 


By K. Vandenberghe 
Department of Obstetrics and Gynecology 
Academisch Ziekenhuis Sint-Rafael, University of Leuven 
B-3000 Leuven, Belgium 


Several investigators have made ultrasonic measurements 
of the human placenta in vivo; most of this work concerned 


the thickness of the placenta in its central part. One group 
studied the placental volume. We introduced measurements 
of the placental implantation area. 

In a group of pregnant women between 12 and 40 weeks 
the following placental measurements were made: thickness, 
volume, and implantation area. These data were plotted 
against gestational age, and the relation of these measure- 
ments to the total intrauterine surface and volume was 
studied. Individual placental and uterine growth curves are 
now being performed. 

The results of this study will be compared with literature 
data. The reproducibility, and the physiological and possible 
clinical importance will be discussed. 


ULTRASONIC MEASUREMENT OF FETAL HEAD AND 
CHEST AREA IN RELATION TO FETAL GROWTH 


By J. W. Wladimiroff 


Department of Obstetrics and Gynaecology 
Academic Hospital Rotterdam-Dijkzigt 
Rotterdam, Netherlands 


Consecutive ultrasonic measurement of fetal biparietal 
diameter (BPD) and fetal chest area was carried out in 303 
normal and 164 complicated pregnancies. All ultrasonic 
measurements were performed on the Diasonograph 4102. 
Fetal BPD was assessed according to Campbell's method 
(sound velocity 1600 metres per second). Fetal chest area 
was assessed immediately caudal to the fetal heart pulsations 
at right angles to the fetal spine (sound velocity 1540 metres 
per second). 

In three patients ten ultrasonic BPD and in another three 
patients nine ultrasonic chest measurements were performed 
within 24 hours on each fetus. In about 959; of the cases an 
individual measurement of the BPD fell within -+ 1.3 mm 
(2xSD) and of the fetal chest area within + 1.7 cm? 
(2 x SD) of the expected mean, indicating a high degree of 
reproducibility. 

Normal pregnancy (n= 303) 

'The mean fetal BPD varied from 67.8 mm at 25 weeks to 
96.4 mm at 40 weeks’ gestation. The mean chest area varied 
from 31.5 cm? at 25 weeks to 89.4 cm? at 40 weeks, 
Complicated pregnancy (n — 164) 

When fetal weight was between 5-10% (borderline 
cases; n—47), BPD and chest area were below the normal 
range in 34 and 66% of the cases. In small-for-dates (fetal 
weight < 5% n-37), this was 54 and 86°, indicating that 
ultrasonic measurement of fetal chest area provides a much 
higher pick-up rate of growth retardation as compared with 
the measurement of BPD. From our head-to-chest ratio 
curve, the growth-retarded babies appeared to be either 
symmetrically or asymmetrically small. Signs which could 
be attributed to vascular placental insufficiency were present 
in both types of growth retardation. 

Finally, in the large-for-dates (fetal weight > 9055; n= 
28), only the size of the fetal chest seems to indicate the 
presence of fetal overdevelopment. 
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New horizons in intensifying screen technology 
Abstracts of papers read at a meeting held on May 20, 1977 at the Edward Lewis Theatre, Middlesex Hospital 


Medical School, London W1 
Chairman: Dr. G. M. Ardran 


Image requirements from a radiological point of view, by W. B. James. 


How can image requirements be defined? by E. T., Henshaw. 


Factors affecting speed and noise properties of intensifying screens, by B. M. Moores and Anne Walker. 
Methods of evaluating X-ray film-screen combinations, by J. C. Gore and G. R. Hooker. 


New horizons in intensifying screen technology, by F. Sanders. 


Rare earth screens of Agfa-Gaevert, by R. Bollen. 
Fujimex products, by A. J. Carter (no abstract received). 
Ilford rare earth system, by D. J. Taylor. 

Kodak Lanex screens and Ortho-G film, by N. D. Clarke. 


Characteristics of Siemens Titan rare earth screens, by G. Michaelson. 
Rare earth phospor technology and its applied use in the Trimax system, by J. D. Carroll. 


Users’ experience: a radiographic view, by Carole Pritchard. 
Users’ experience: a radiologist's view, by J. G. B. Russell. 


Implications for X-ray exposing equipment, by E. F. Bach and H. T. Goodger. 


Reprints of these abstracts are available free on application to 
the Managing Editor, 'The British Journal of Radiology, 32 
Welbeck Street, London WIM 7PG, telephone 01-935 
6867. 


IMAGE REQUIREMENTS FROM A RADIOLOGICAL 
POINT OF VIEW 


By W. B. James 


Department of Radiology, Southern General Hospital 
Glasgow 


Many of the physical components of imaging systems can be 
defined in mathematical terms. Unfortunately such measure- 
ments do not characterize the psycho-physical aspects of 
image detection and interpretation. Our inability to state 
and to measure these latter processes severely limits our 
capacity to make a precise statement regarding diagnostic 
image requirements. 

In general, the diagnostic information recorded by a 
screen-film combination is governed by its ability to register 
detail—to reproduce faithfully the images of small ana- 
tomical structures with maximum sharpness and minimum 
blurring. Image quality in this sense has three main aspects 
—nunsharpness, contrast and noise. The relative importance 
of these factors is not necessarily the same in different 
diagnostic situations. For example, the perception of diag- 
nostic information may be mainly sharpness limited, 
mainly contrast limited or mainly noise limited. Such con- 
siderations will clearly affect the choice of recording system. 

Recent improvements in intensifying screen manufacture 
constitute a significant advance if not a major technical 
breakthrough. In comparison with existing calcium tung- 
state technology, the advantages are of degree rather than 
kind, particularly from the point of view of increased speed. 
Use of the new screens will allow improved resolution for 
the same exposure, the same resolution for approximately 
half the exposure and slightly poorer resolution for as little 
as one-quarter of the exposure. 

Increased screen speed also means reduced tube loading 
which will increase the possibilities for improving geo- 
metric sharpness. It will also allow the use of lower output 
generators. 

Side benefits from the introduction of the new screens 
have been the stimulation of further research on image 
quality with particular reference to the interface between 
the recording system and the radiologist, together with 
recognition that more attention has to be paid to designing 
recording systems for specific diagnostic tasks. 


HOW CAN IMAGE REQUIREMENTS BE DEFINED? 
By E. T. Henshaw 


Radiation Protection Service Centre 
42 Rodney Street, Liverpool 1 


The results of measurements of the speed and gamma of ten 
rare-earth film-screen combinations were presented together 
with measurements of their contrast transfer character- 
istics under scatter and non-scatter conditions. Comparisons 
in performance were made between all the systems tested 
and Ilford Fast and Standard screens using Kodak RP54 
film. All the tests were carried out over a range from 55 to 
110 kV. 

The results of subjective tests carried out with 24 radio- 
graphers and 11 radiologists using the same film-screen 
combinations and radiographs of a Temex phantom female 
abdomen were also presented. 

The objective and subjective results were compared and 
the differences between them briefly discussed. 


FACTORS AFFECTING SPEED AND NOISE 
PROPERTIES OF INTENSIFYING SCREENS 


By B. M. Moores and Anne Walker 


Department of Medical Physics and Bioengineering 
Christie Hospital and Holt Radium Institute 
Manchester M20 9BX 


Factors which contribute to the overall speed of some 
commercially available intensifying screens are considered 
and measurements presented which have a direct bearing on 
the noise properties of film-screen combinations. 

The factors considered are: (a) the spectral content of the 
light emitted by the screens, (b) the attenuation and ab- 
sorption of X rays in the screen as a function of incident 
beam quality, (c) the light output from the screens per unit 
exposure, and (d) the screen light output per unit X-ray 
absorption. 

'The light output per unit exposure or the speed of an 
intensifying screen is influenced by: (i) the screen X-ray 
absorption, (ii) the phosphor's X ray to light conversion 
efficiency, and (iii) the screen's light emission properties. 
The light output per unit absorption enables the joint effect 
of contributions (ii) and (iii), which represent an effective 
conversion efficiency, to be assessed separately from (i). It is 
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the intrinsic light output properties represented by the 
effective conversion efficiency, as distinct from the X-ray 
absorption properties, which govern the quantum noise 
properties of intensifving screens. Higher effective con- 
version efficiency leads to greater quantom noise for use 
with a given film. All the rare earth phosphors examined had 
higher effective conversion efficiencies than the calcium 
tungstate phosphors; consequently the light spectral sensi- 
tivity of the film employed with particular screens will play 
an important role in defining film-screen noise properties. 


METHODS OF EVALUATING X-RAY FILM-SCREEN 
COMBINATIONS 


By J. C. Gore and G. R. Hooker 


Department of. Medical Physics, Hammersmith 
Hospital, London W12 OHS 


The various approaches to evaluating radiographic image 
quality were reviewed and classified as: 

(a) Test object method—the radiographer's, radiologist's 
and physicist's test objects serve different purposes. The 
information that can be obtained with each type of phantom 
was summarized, and some of the limitations inherent in 
this approach were outlined, 

(b) Physical measurements—measurements of quantities 
such as MTEF, Wiener spectrum and Hurter-Driffield curves 
provide much useful information about different film-screen 
combinations, but several problems remain unresolved about 
how each property should be specified. A complete system 
description. requires exhaustive measurements, and the 
interpretation. of different characteristics is not straight- 
forward. Expectations of image quality based on these 
objective measurements often do not correlate well with 
subjective impressions. 

(c) Mathematical modelling of the diagnostic process— 
theoretical predictions of image quality or detail detectability 
have been attempted, e.g. by using information theory, 
signal detection theory, or statistical decision theory, but 
generally such methods require models of visual perception 
and radiological decision making that are oversimplified or 
unrealistic. However, they have been used to suggest how 
isolated measurements such as noise, sharpness and contrast 
may be combined into single quantities to predict the de- 
tectability of simple objects in a radiograph. 

(d) Psychophysical techniques—-the use of real observers 
io give responses to controlled visual stimuli appears most 
promising and overcomes many of the limitations of the 
test object approach. A number of techniques have been 
developed, such as ROC analysis, perceptibility curves, and 
contrast threshold measurements, and the results may 
usually be expressed quantitatively. A novel method of 
assessing the detectability of super-threshold objects, using 
contrast reduction, was described. This method has been 
further developed to evaluate subjective visual impressions 
of different types of radiographic noise, and the decrease in 
perceptibility of objects of different spatial frequency spec- 
tra caused by quantum mottle was demonstrated. 


NEW HORIZONS IN INTENSIFYING SCREEN 
TECHNOLOGY 


By F. Sanders 


Du Pont Technical Education Centre, St. Neots 
Cambridgeshire 


Professor W. C. Róntgen first asked this question in 1896 
and Edison came up with the first new horizon with cal- 
cium tungstate in that same vear. 
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The validity of this new horizon lies in the “radiological 
balance", ie. offsetting the complex image quality, to- 
gether with quantum mottle and sharpness, against speed. 
"The argument for speed is well known and justified, but we 
should consider the entire imaging speed, not just phosphor 
speed. 

The “radiological balance" should be adjustable for the 
radiologist not vice versa. This means that the new horizon 
is not just one phosphor, but a flexible range of imaging 
system speeds, designed to meet the needs of the radiologist 
and the type of examination to produce the optimal diag- 
nostic quality with the minimal possible dose at the best 
return on our investment. 


RARE EARTH SCREENS OF AGFA-GEVAERT 
By R. Bollen 


Algfa-Gevaert Limited, Great West Road, Brentford 
Middlesex 


"The first generation of rare earth phosphors used for screens 
were mainly emitting in the green range of the light spectrum 
and these screens were of course employed in combination 
with appropriate green sensitive radiographic films. 

A second generation of rare earth phosphors became 
available on the market, phosphors that showed a strong 
emission in the blue range of the spectrum. The advantages 
of these new radiographic screens are many, both for the 
manufacturers and for the hospitals. 

The rare earth phosphors of the second generation are 
lanthanum oxybromides, doped with rare earth elements ' 
such as terbium, thulium and/or other elements. The con- 
version efficiency of these phosphors is about 16°. Calcium 
tungstate has a conversion efficiency of about 4?;. 

The speed of these new screens is determined by the 
phosphor itself, the quantity of it in the screen coating and 
by the composition of the screen layers. 

For image quality it is essential to measure for each 
density level, the MTF value and also the Wiener spectra 
and the gradient. Also the so-called '"perceptibility curves". 

It is necessary to examine what other parameters were 
investigated in order to develop rare earth screens. lt was 
calculated that the blue emitting rare earth screens of Agfa- 
Gevaert now on the market, show a better signal to noise 
ratio in the screens themselves than most other screens. 

Indeed, the move from green to blue could be done with- 
out drawbacks with respect to speed and image quality. 

Tables were shown to demonstrate the screen types that 
Agfa-Gevaert developed and the speed classes obtained in 
combination with Curix RP1 film and with Medichrome 
film. The speed class of Universal screen with Curix RP1 
film was considered as 100. 

Also shown were the experimental preceptibility curves 
for the combinations of SE2, SE4 and SE6 screens with 
Curix RP1 film in comparison with that of Cawo Universal 
screen with Curix RP1 film. 

The main advantage of the MR-Screens is their high 
speed, which on one hand means low patient dose, less 
motion unsharpness and longer tube life and which, on the 
other hand opens a lot of possibilities for application of tech- 
niques, resulting in diagnostical information gain. 


ILFORD RARE EARTH SYSTEM 
By D. J. Taylor 
Ilford Ltd, Basildon, Essex SS14 3ET 


The Hford rare-earth screen uses the blue-emitting lanthan- 
um oxybromide phosphor. Since this usefully absorbs about 
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twice as much X radiation as a conventional screen, it makes 
possible a halving of dose without any loss in radiographic 
quality. To exploit the photographic advantage of using a 
fine-grain film, and to avoid increasing the perceptability of 
quantum mottle, the Ilford system comprises the Rapide 
screen (which is about 4x faster than fast tungstate) and 
Rapid E film (which is about half the speed of conventional 
films like Rapid R type S). Thus consistent exposure re- 
ductions of 50% are available, over the 65-100 kV range, 
with at least equal, and often superior, diagnostic quality. 

Greater exposure reductions are possible when conventional 
films are used, albeit then with an inevitable increase in 
degradation of the image by quantum mottle. 





KODAK LANEX SCREE? 
By N. D. Clarke 


Kodak Limited P.O.Box 66, Kodak House 
Hemel Hempstead, Herts 


8 AND ORTHO-G FILM 


Rare-earth phosphors have offered the possibilities of de- 
creased exposures because of their high absorption and high 
conversion efficiency in comparison with calcium tungstate. 
The phosphor, its method of i incorporation into the screens, 
and the associated film govern the image quality and rel- 
ative speed achievable. The phosphor is also determined by 
physical and chemical considerations such as density and 
stability. These factors led Kodak to employ a mixture of 
terbium activated gadolinium and lanthanum oxysulphides 
in an asymmetric screen pair. The screens are green-emit- 
ting and the associated film, Ortho-G, is sensitized to this 
part of the spectrum. This combination has a speed roughly 
twice that of a conventional RP film in fast tungstate 
screens, but with similar image quality. 


CHARACTERISTICS OF SIEMENS TITAN RARE 
EARTH SCREENS 


By G. Michaelson 
Siemens, Erlangen, Germany 


Dose values per unit blackening are illustrated for a range of 
combinations including Siemens 'l'itan rare earth screens, 
and the gain to be expected from using these is discussed. 
Areas of use are outlined as well as the limitations. The 
importance of quantum mottle and the influence of the 
developing machine are mentioned. M.T.F. curves for 
‘Titan screens compared with conventional ones are shown. 
How we can exploit the dose reduction to greatest effect is 
looked at and possible future areas of interest outlined. 


RARE EARTH PHOSPHOR TECHNOLOGY AND ITS APPLIED 
USE IN THE TRIMAX SYSTEM 


By J. D. Carroll 
3M United Kingdom Limited, London 


3M developed Trimax intensifying screens using phosphor 
materials based upon terbium-activated gadolinium oxy- 
sulphide. When used in conjunction with specially sensi- 
tized X-ray film emulsions, Trimax XD and XM, dramatic 
dose reductions can be achieved without any loss of image 
quality. In fact when using the Trimax system, by adjust- 
ments to exposure techniques, dose reductions should be 
achieved as well as improved image quality, when compared 
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with ordinary RP film in calcium tungstate screens. New 
screens and films based on ‘Trimax technology were discus- 
sed. These have been designed to offer the same advantages 
in mammography and radiography of the extremities. 





USERS’ EXPERIE 





> A RADIOGRAPHIC VIEW 
By Carole Pritchard 
Saint Mary's Hospital, Manchester 13 


We have not found one combination suitable for all our 
work but use several, utilizing the particular qualities off- 
ered by each for specific examinations. 

Guide for evaluation of a combination: (1) original tests 
should involve one radiographer only, since muddles seem 
to occur when several are involved, Q) Using a phantom, 
make speed, quantum mottle and resolution assessment 
against routine combination. (3) Make characteristic curves 
for contrast and speed evaluation. (4) Compare the new 
combination in a sequence, e.g. I. V.P. examination, (5) Use 
new combination within the specific examination for which 
it is required. 

We have found (1) the length of time required for full 
evaluation may involve purchasing screens; (2) Kodak's 
Lanex and 3M's Trimax systems require special safe light 
filters which make the darkroom much darker than usual; 
(3) some processors have green warning lights which will 
fog the green sensitive film; (4) the possibility of mixing 
combination: (a) blue sensitive film with green emitting 
screens (b) blue combination mixed; (5) the moving grid 
mechanism was unable to cope with some of the very small 
exposure times achievable; (6) rare earth screens are hygro- 
scopic; therefore cut edges for lead inserts must be sealed; 
(7) because of the hygroscopicity of the screens, soap and 
water must not be used for cleaning. The correct manu- 
facturers' cleaning agent must be used since one maker's 
cleaner has dissolved the supercoat of another manufacturer's 
screens; (8) ditficulty with the actinic marker in being able 
to cope with the wide range of film speeds now used in our 
department. 

Advantages are: (1) reduction in dose to the patient; (2) 
the use of rare-earth systems may save the expense of higher 
powered generators; (3) they may be used to overcome tube 
rating problems; (4) fine focus may be possible instead of 
broad; (5) the possible elimination of a grid; (6) the greatest 
advantage is where short exposures are required to eliminate 
movement unsharpness, Ze. geriatric and paediatric depart- 
ments, theatre and mobile work, where exposure times can 
be halved. 

We are a specialized unit and we use several different 
combinations; however, I feel that in a busy general depart- 
ment too many different systems would inevitably result in 
errors. 


EXPERIENCE: S VIEW 
By J. G. B. Russell 


St. Mary's Hospital, Manchester 13 


USERS’ A RADIOLOGIST'S 


The cost of replacing screens and cassettes for the United 
Kingdom was assessed at three million pounds, giving an 
annual cost with a five-year replacement of 600000. How- 
ever, it was calculated that half this cost is spent annually 
already on conventional screens and cassettes, so the ad- 
ditional cost would be £300000 annually. 

Allowing a 40% reduction in dose with rare earth screens, 
it was calculated that 600000 man-rad would be avoided 
annually, giving a cost per man-rad saved of 50p. 
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A comparison was made with the cost of other methods of 
avoiding radiation. This showed that for a unit cost, rare 
earth screens were more than 1000 times more efficient in 
minimizing radiation exposure than other examples of 
expenditure on radiation protection. 


IMPLICATIONS FOR X-RAY EXPOSING 
EQUIPMENT 


By E. F. Bach 
Siemens Lid., Medical Group, London 
and H. T. Goodger 


GEC Mechanical Equipment Ltd., Wembley 
Middlesex 


"he implications of the advent of rare-earth screens on 
equipment are looked at, based on their main advantage of 
saving patient dose, how this benefit can be used to ad- 
vantage in radiography and how this can affect future re- 
quirements. It is doubtful if there will be any simplification 
of generators leading to cost savings, as the full benefits can 
be gainfully employed in improving the diagnostic infor- 
mation obtained and still reducing the patient dose. Some 
areas of specific interest are noted. 


Late effects on normal tissues 


Abstracts of papers read at the Radiobiology Work-in-Progress meeting held on Friday, November 18, 1977 at 
the Reid-Knox Hall, Institute House, 32 Welbeck Street, London W1M 7P G* 


Limiting normal tissue reactions as seen from the clinicians" viewpoint, by R. J. Berry. 

Functional and kinetic changes in the mouse bladder after irradiation, by Fiona Stewart and Juliana Denekamp. 

"The tolerance of mouse tails to necrosis after repeated X irradiation, by J. H. Hendry. 

‘The role of vascular damage in the development of late radiation effects in pig skin, by J. W. Hopewell, J. L. Foster, Y. Gunn 
H. M. Moustafa, T. J. S. Patterson, G, Wiernik and C. M. A. Young. 

Blood flow changes in surgically traumatized X-irradiated skin, by C. M. A. Young and J. W, Hopewell. 

Radiation effects on rat cervical and lumbar spinal cord, by Ann White and Shirley Hornsey. 

Ultrastructural studies on radiation-induced mitotic delay, by R. Rowley. 

Quantitative changes in rodent lungs after irradiation, by E. L. Travis, B. Voynovich, D. G. Hirst and S. A. Hill. 

Lung damage in C57BI mice following combined chemotherapy and thoracic irradiation, by G. G. Steel, K, Adams and 


M. J., Peckham. 


Labelling studies in irradiated mouse lung, by P. Coultas, R. Ahier and S. B. Field. 


LIMITING NORMAL TISSUE REACTIONS AS SEEN FROM 
THE CLINICIANS’ VIEWPOINT 


By R. J. Berry 


Department of Oncology 
The Middlesex Hospital Medical School 
London W1P 7PN 


Acute reactions in normal tissues are only limiting to the 
radiotherapist when he chooses to make them so! The com- 
mon practice of daily fractionated treatment over periods of 
four to six weeks evolved only because it was found em- 
pirically that early skin reactions to orthovoltage radiation 
delivered in such schedules predicted the level of final late 
damage. This has been used to individualize treatment to 











*Reprints of these abstracts are available free on application 
to the Managing Editor, Hritish Yournal of Radiology, 32 
Welbeck street, London W1M 7PG (01-935 6867) 


the “tolerance” of individual patients. For small numbers of 
fractions and short overall treatment times, and for ex- 
cessively long fractionation, severe late normal-tissue 
reactions can be produced in the absence of any early 
response, 

For the majority of radiation treatments in the super- 
voltage era the limiting normal tissue response is probably 
subcutaneous fibrosis and its indicator telangiectasis, The 
incidence of these complications is not correlated with acute 
skin reaction, nor predicted by the Ellis NSD or other 
similar formulations. Sensitive organs limit treatment of 
tumours in specific sites such as lung, kidney and central 
nervous system, but perhaps in each of these the limiting 
complication is still due to vascular damage, stasis and 
subsequent fibrosis. 

Finally, late tumour induction in heavily irradiated sites 
is a further complication of radiotherapy which should not 
be totally forgotten. Hlustrative examples of moderate and 
severe late normal tissue damage in skin, connective tissue 
and specific limiting organs are shown. 


236 


MancH 1978 


Proceedings of The British Institute of Radiology 


FUNCTIONAL AND KINETIC CHANGES IN THE MOUSE 


BLADDER AFTER IRRADIATION 
By Fiona Stewart and Juliana Denekamp 


Gray Laboratory 
Mount Vernon Hospital 
Northwood, Middlesex, HA6 2RN 


'The radiation. response of mouse bladders, assessed by 
urination frequency and bladder capacity, has been corre- 
lated with histological and proliferative changes. 

Female CBA mice were irradiated locally with 1.8 MeV 
electrons and followed for 18 months after doses of 10—40 
gray. The urination frequency of unirradiated mice is 
remarkably constant over this test period. No increased 
frequency was seen after any dose up to four months. Be- 
tween six and 18 months increased frequency was seen after 
20-40 Gy. The response occurred earlier after higher doses 
and was maximal at 12 months. There was some recovery of 
function in the lower dose groups by 18 months. Clear dose 
response curves were obtained. The increased frequency at 
6-12 months was associated with epithelial denudation and 
loss of polyploid surface cells. Fibrosis of the deeper layers 
was not apparent until after 12 months. 

At 18 months after irradiation a severe reduction in 
bladder capacity was demonstrated by inflation under 
pressure in freshly-killed mice. The reduction in bladder 
capacity also yielded a clear dose effect relationship. 

Proliferation studies using continuous labelling with 
tritiated thymidine have demonstrated that compensatory 
proliferation follows the onset of functional damage. The 
turnover time of the control epidermis is about one year. 
Three months after irradiation (25 Gy) there is little change, 
but at nine and 12 months the turnover time has shortened 
to about one week. 


THE TOLERANCE OF MOUSE TAILS TO NECROSIS AFTER 


REPEATED X IRRADIATION 
By. J H. Hendry 


Paterson Laboratories 
Christie Hospital & Holt Radium Institute 
Manchester M20 9B.X 


‘The reduction in the *'tolerance" dose for the production of 

tail necrosis in adult mice has been measured in tails which 

had previously received single or multiple tolerance doses, 

'The major findings are: 

(a) Ability of heavily-irradiated and healed tails to tolerate 
about a further 90% of the first dose confirming 
previous observations for the tail and for most other skin 
sites in rodents, but the effect was slightly dependent on 
the length of tail which had been pre-irradiated. 

(b) The above percentage was applicable between six weeks 
and ten months after the first irradiation. 

(c) The tolerance dose was reduced to about 65% of the 
original at the third irradiation, and this dose (approxi- 
mately) remained tolerable at the fourth, fifth and sixth 
irradiation, all delivered at six weeks interval. 

(d) Subsequent to seven weeks after the sixth dose, late 
effects, observed as atrophy of the tail mostly distal to the 
healed irradiated region, were more prevalent (occurring 
in ~40% of tails by eight months) than after the first 
dose (x 495 by eight months). These late effects would 
reduce the tolerance dose further to about 55% of the 
original dose, 
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THE ROLE OF VASCULAR DAMAGE IN THE DEVELOPMENT 
OF LATE RADIATION EFFECTS IN PIG SKIN 


By J. W. Hopewell, J. L. Foster, Y. Gunn, H. M. 
Moustafa, T. J. S. Patterson, G. Wiernik and C. 
M. A. Young 


Churchill Hospital, Headington, Oxford 


If late radiation damage to normal tissues is to be avoided or 
treated, more information is required about its pathogenesis 
and there is need for development of early indicators of severe 
late effects. The skin, which is ideally suited to a wide range 
of investigative techniques, would appear to be a good mode! 
in which to evaluate this problem. 

In the first three to four months after irradiation of pig 
skin two distinct waves of radiation response are observed. 
In the first wave, which reaches a peak four to six weeks 
after treatment, erythema may be associated with de- 
squamation of the epidermis if the total dose is sufficiently 
high. Provided the epithelium is not seriously denuded this 
will rapidly heal. The second wave of reaction observed 
three to four months after irradiation seems to be mediated 
through damage to the vascular system. It is characterized 
by a blue tinge to the skin, a reduction in skin temperature 
and a dose dependent reduction in dermal blood How. The 
reduction in blood flow is transient, and blood flow returns 
to normal as late tissue atrophy develops. 

If the ischemia is sufficiently severe it can result in a 
complete or partial thickness necrosis of the dermis, When 
the ischemic reaction is insufficient to produce necrosis it 
seems likely that this may lead to late tissue atrophy, There 
was a good correlation between the reduction in blood flow 
at three months (as measured by isotope clearance) and the 
degree of tissue atrophy (as measured by linear field con- 
traction) 6-12 months after irradiation. Histological in- 
vestigations undertaken three months after irradiation show 
evidence of vascular occlusions; arterioles in the deep 
dermal plexus in particular were totally or partly occluded 
by increased numbers of endothelial cells. 

In the acute radiation reaction, fractionation of irradiation 
changes the relative importance of the first wave of epi- 
thelial reaction as compared with the later vascular response. 
When single doses or a small number of fractions are used 
the vascular lesion limits the dose that can be given and 
causes dermal necrosis with no previous desquamation. 
With a large number of fractions the reverse is true and 
epithelial effects limit the dose. Consequently there was no 
correlation between the presence of moist desquamation in 
the first wave of reaction and late tissue damage as has been 
claimed as a result of a number of investigations in rodents. 
Comparable changes to those found in pig skin have been 
found in human skin after radiotherapy treatment, 


BLOOD FLOW CHANGES IN SURGICALLY TRAUMATIZED 
X-IRRADIATED SKIN 


By C. M. A. Young and J. W. Hopewell 
Churchill Hospital, Headington, Oxford 


An isotope clearance technique has been used to determine 
changes in capillary blood flow in the dermis after surgery, 
irradiation, or surgery after irradiation in the flank skin of the 
pig. 
Blood flow was indicated by the rate at which a tracer 
(8°Tc™) was removed from the site of an intradermal injec- 
tion. Clearance curves could be divided into a fast and a slow 
component. These components are due respectively to 
clearance by the superficial capillary network and the deeper, 
less well vascularized parts of the dermis. The distinction 


í 





Vo. 51, No. 603 


Proceedings of The British Institute of Radiology 


between the two components was demonstrated bv observ- 
ing the clearance of deep and superficial intradermal injec- 
tions of the tracer. The fast component and the vascular 
density in the superficial capillary network under the epi- 
dermis do not change with age. The slow component, how- 
ever, increased with age and showed a good correlation with 
the decline in vascularity in the deep reticular dermis over 
the same time period. 

Blood flow measurements were made in irradiated skin 
at intervals of three, 12 and 24 months after treatment with 
either a single dose (2130 rad), six fractions in 18 days (3876 
rad) or 30 fractions in 39 days (8000 rad), these total doses 
giving a similar degree of late linear field contraction at 6-12 
months. Blood How was reduced three months after irradi- 
ation but had returned to normal by 12 months. The timing 
of the improvement in blood flow corresponded with the 
development of late field contraction. 

Pedicle flaps were raised from irradiated areas of skin at 
three, 12 and 24 months after treatment. Blood flow 
measurements in these flaps were compared with those in 
skin flaps raised on the normal flank. In normal skin flaps 
there was an initial fall which was followed by a marked 
increase in blood flow, suggestive of an hyperaemic response. 
in irradiated flaps the initial impairment and subsequent 
increase in blood flow was greater than in control flaps. This 
indicates that the vascular system of an irradiated flap can 
apparently mount a greater hyperaemic response than that 
seen in a normal flap. 


RADIATION EFFECTS ON RAT CERVICAL AND LUMBAR 
SPINAL CORD 


By Ann White and Shirley Hornsey 


MRC Cyclotron Unit 
Hammersmith Hospital, London W12,0HS 


Experiments have been carried out to determine how the 
dose of 250 kV X radiation which the rat spinal cord will 
tolerate varies with fractionation and overall treatment time. 
The effects of varying the overall treatment time independ- 
entlv of the number of fractions were investigated by giving 
two equal doses of irradiation to the lumbar or cervical 
region, separated by periods of time ranging from one to 120 
days. The patterns of recovery from irradiation damage in 
both regions were very similar but differed from those re- 
ported recently by van der Kogel (1978). During the first 
24 hours after irradiation a very large amount of recovery 
took place, This rapid phase of recovery probably reflects 
Elkind repair of sublethal damage. No further recovery 
occurred for about 15 days and then a second wave of 
recovery, possibly due to replacement of damaged cells by 
mitosis, appeared to be underway. In the cervical region 
this phase continued until at least 120 days after irradiation, 
in van der Kogel’s experiments this second phase of re- 
covery did not start until eight to ten weeks. The similarity 
between the lumbar and cervical regions was surprising 
because, histologically, the damage in the two regions is very 
different. Loss of myelin from the spinal roots was the most 
important lesion in the lumbar region whereas in the cervical 
region large necrotic areas appeared in the white matter of 
the cord itself, 

The effects of varying the number of fractions whilst 
keeping the overall treatment time constant were investiga- 
ted by exposing the lumbar cord to either four, eight, 15 or 
30 equal fractions in six weeks. The sparing effect as the 
number of fractions was increased was very large. Further- 
more, the rate of increase of the tolerance dose was the same 
from one right up to 30 fractions, in contrast to the lung 
where sparing becomes relatively less between eight and 30 
fractions (Field et al., 1976), 
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ULTRASTRUCTURAL STUDIES ON RADIATION-INDUCED 
MITOTIC DELAY 


By R. Rowley 


Paterson Laboratories, Christie Hospital and Holt Radium 
Institute, Manchester 


The literature on radiation induced mitotic delay in Ge 

indicates that the target whose disruption by radiation 

causes delay is: 

(1) possibly a protein; 

(2) located in or near the nucleus; 

(3) possibly a structural component of the cell; 

(4) at a maximum size of about 1.5 um in Ge just prior to the 
X-ray transition point for induction of delay. 

"These qualities suggest that an ultrastructural investigation 

to identify and locate the mitotic delay target may be worth- 

while. 

We have examined the effects of UV and X irradiation on 
the cell cycle and ultrastructure of synchronously growing 
Oedogonium  cardiacum sporelings. All sporelings were 
irradiated at 12 h after attachment, i.e. in Ge, fixed in 
glutaraldehyde and osmium tetroxide, embedded and serially 
sectioned in their entirety. A 200 erg mm-? dose of 254 nm 
UV, sufficient to produce 59% loss of reproductive integrity, 
causes premature chromatin condensation, confirmed by 
electron microscopy, and induces the early onset of mitosis 
proper. 1000 erg mm-? UV (69% survival) UV delays spore- 
ling entry into mitosis by 2 h. 500 erg mm? (74% survival) 
has an intermediate effect in producing no delay, Apart from 
this effect upon chromatin condensation no other changes can 
be detected by electron microscopy that might be correlated 
with acceleration into mitosis or mitotic delay. It is suggested 
that the action of UV may be analogous to that of actinomycin 
D and cordycepin, which produce similar effects in Chinese 
hamster ovary cells. Both of these chemicals and UV are po- 
tent inhibitors of transcription. The ways by which tran- 
scription inhibitors mightstimulate or delay entry into rnitosis 
are described in Dewey and Highfield (1976). 

The specific effect of UV upon both chromatin condensa- 
tion and mitosis is considered to lend further weight to the 
proposals of Dewey and Highfield that the substance(s) 
controlling the onset of mitosis and perhaps also receiving 
the lesions that cause mitotic delay are closely associated 
with the chromatin condensation mechanism. 

An X-ray dose of 600 rad (producing approximately 6095 
survival) was chosen for this study using the findings of 
Horsley et al., (1967). This dose causes maximum delay 
without totally inhibiting either mitosis or division. 

Approximately 200 cells were serially sectioned at various 
points in the cell cycle, before and after irradiation. Particu- 
lar attention was paid to the behaviour of the chromatin, 
nucleolus, nuclear envelope, microtubules, microfilaments, 
microtubule organising centres and, mitachondria. "The 
outcome of this study is that there are no qualitative or 
quantitative changes in the sporeling observable by this 
technique that might be correlated with mitotic delay. 
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QUANTITATIVE CHANGES IN RODENT LUNGS 
IRRADIATION 
By E. L. Travis, B. Voynovich, D. G. Hirst and 
S. A. Hill 
Cancer Research Campaign Gray Laboratory 


Mount Vernon Hospital 
Northwood, Middlesex H.A6 2RN 


AFTER 


Pulmonary radiation injury in mice is most often quantitated 
by lethality. There are few other quantitative assays, particu- 
larly of functional parameters. In the present study the 
respiratory rate of mice was measured in a total body ple- 
thysmograph up to 24 weeks after total thoracic irradiation 
with single doses ranging from eight to 20 Gy. 

Respiratory rate was increased after doses greater than 13 
Gy. This increase was both time and dose dependent, 
yielding dose response curves. The response was progressive 
after 16 and 20 Gy, increased but non-progressive after 13 
Gy, and transiently increased after 11 Gy. Respiratory rate 
was used to measure Elkind repair, the dose response curves 
at 16 weeks yielding a (Ds — Di) of 410 rad. This value is 
consistent with the reported (Ds--Di) of 360 rad using 
lethality as an end-point. 

The changes in breathing rate were correlated with 
histological changes. A numerical scoring system quantitat- 
ing the infiltrative, oedematous and fibrotic lesions in the 
lung after irradiation yields dose response curves similar to 
those obtained using breathing rate. A preliminary (Do — D3) 
obtained from the histological scoring ranged from 360 to 
410 rad, consistent with the (D2 -— D1) using rate and lethal- 
ity as end-points. 


LUNG DAMAGE IN C57BL MICE FOLLOWING COMBINED 
CHEMOTHERAPY AND THORACIC IRRADIATION 


By G. G. Steel, K. Adams and M. J. Peckham 


Institute of Cancer Research 
Sutton, Surrev 


Male C57Bl mice were treated with local thoracic irradiation 
at dose levels ranging from 12 to 19 Gy. The irradiations 
were performed in air at controlled temperature under 
nembutal anaesthesia. T'wo sizes of trapezoidal fields were 
used, varying in the position of the lower (abdominal) 
border. Deaths occurred earlier with the large fields but the 


difference in the median day of death was only about 1095. 
With large fields and using the highest radiation dose the 
median day of death was 210 days, much later than has been 
found by T. L. Phillips and others. Chemotherapy was 
given to mice treated with the smaller radiation fields to a 
dose of 15.5 Gy. Methotrexate, vinblastine, and actinomycin 
D given 14 days before irradiation had little effect on 
mortality, but bleomycin and adriamycin showed some 
enhancement of damage. Cyclophosphamide given a few 
hours before or a few hours after irradiation also enhanced 
lung damage. 


LABELLING STUDIES IN IRRADIATED MOUSE LUNG 
By P. Coultas, R. Ahier and S. B. Field 


MRC Cyclotron Unit 
Hammersmith Hospital, London W12 0HS 


The LD50 assay of Phillips and co-workers for radiation- 
induced lung damage has been used by Field and Hornsey 
(1977) to study the effects of dose fractionation. For two 
doses of both X rays and neutrons there was an increase in 
LD50 when doses were separated by a few hours: this was 
equated with repair of sublethal damage. With longer dose 
separation beyond one day, no further increase in LD50 was 
seen for neutrons whereas with X rays the LD50 continued 
to increase with dose separation up to about 1000 hours. It 
was postulated that this change in L.D50 seen with longer 
intervals between X ray doses was due to some form of slow 
repair process, although the possibility of cellular prolifera- 
tion was not entirely ruled out. 

'The study we report here was carried out to examine the 
possibility of a proliferative response to lung irradiation. 
Mice were irradiated with 10 Gy of 250 kV X rays to both 
lungs and then injected with ?H-thymidine (0.5 p Ci/gm 
body weight) at eight hour intervals. Injections were 
started for one group of mice two days post-irradiation and 
for a second group five weeks post-irradiation. Cell labelling 
in alveolar areas was examined in autoradiographs, Particu- 
lar attention was paid to Type II pneumonocytes. These 
cells have been suggested as a possible critical target in 
radiation damage to lung, and we support this suggestion 
with the observation that the numbers of Type II cells are 
falling rapidly at the time mice die of lung damage. Labelling 
of Type II pneumonocytes was low in both irradiated and 
control groups with no apparent differences between the 
groups. This suggests that if Type II cells are the prime 
target then proliferation is not a cause of the long term 
recovery between separated X-ray doses. Overall labelling 
in the alveolar region did show a slight, but at this stage not 
significant, increase between both irradiated groups of 
animals and the controls. 
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Forthcoming events and other notices 


The Editors have decided that owing to the extreme shortage of space in The British Journal of Radiology, 

the "Forthcoming events and other notices" section will in future only carry notices of general interest and 
announcements of meetings specifically connected with The British Institute of Radiology and its associated 
bodies. Members, however, will be receiving future meeting announcements, space permitting, in the B./.R. 
BULLETIN which is distributed quarterly to all members. 


Recent Apvances IN HYPERTHERMIA RESEARCH 

A radiobiology meeting will be held on May 11-12, 1978. 
"l'itles of papers on technical, biological or clinical aspects of 
the topic are invited and should be sent to Dr. S. B. Field, 
MRC Cyclotron Unit, Hammersmith Hospital, London 
112 OHS not later than April 14, 1978. 

Further information from the General Secretary, B.LR. 
(01-935 6237). 


COMPARISON or DIAGNOSTIC TECHNIQUES FOR THE 
CHEST AND MEDIASTINUM 
An evening meeting will be held on March 16, 1978 at 
The British Institute of Radiology, 32 Welbeck Street, 
London W1M 7PG. 
Details and registration from the General Secretary. 


BER. ANNUAL COMGRESS JOINT MEETING AND SCIENTIFIC 
Exuimirion 1978 

The Annual Congress will include a joint meeting with the 
Royal College of Radiologists, the Royal Society of Medicine 
(Section of Radiology) and the Netherlands Radiological 
Societies, and will be held at the R.I.B.A., London, W.1 on 
April 13-14, 1978. Details from the General Secretary, 
British Institute of Radiology, 32 Welbeck Street, London 
WIM 7PG (01-935 6237). 

The “SILVANUS THOMPSON MEMORIAL LEC- 
TURE” will be delivered at this congress by Sir John Hill, 
Chairman U.K.A.E.A, under the title Nuclear Power and 
the Environment’. 


Seconp Congress or THe European SOCIETY OF 
NUCLEAR MEDICINE 

The Institute and other UK members of the European 
Society of Nuclear Medicine will be hosts to this congress to 
be held in London, April 17-18, 1978. The meeting will in- 
clude a commercial exhibition, scientific demonstrations and 
tachnologists sessions, 

Further information from the General Secretary B.IR. 


B.LR. CONVERSAZIONE 
Will be held at Northwick Park Hospital, Middlesex on 
May 17, 1978. Dr. Louis Kreel will arrange demonstrations 
and give a talk “Introducing art into radiology". 
Details from the General Secretary. 


Hicu Dose RATE AFTERLOADING GYNAECOLOGICAL 
IRRADIATION AS AN ADJUVANT TO GYNAECOLOGICAL 
SURGERY: AN ASSESSMENT OF THE CATHETRON 

An evening meeting will be held on May 18, 1978 at The 
British Institute of Radiology (Reid-Knox Hall), 32 Welbeck 
Street, London W1M 7PG. 

Further details from the General Secretary. 


Benien Bong Diskase~RoLe or RADIOISOTOPE 
"TECHNIQUES 
A joint meeting of the British Orthopaedic Association 
and The British Institute of Radiology, will be held on May 
31, 1978 at the Middlesex Hospital Medioal School, 
London. 


WoRKSHOP ON THE USE OF COMPUTERIZED 
Tomocrapnic SCANNERS IN RADIOTHERAPY 

Following the successful workshop meeting on '"The Use 
of Computers in Radiotherapy in Europe", held at the Inter- 
national Atomic Energy Agency in July 1976, the Commis- 
sion Informatique of the European Association of Radiology 
will hold a workshop on the “Use of Computerized 'l'omo- 
graphic Scanners in Radiotherapy", at the headquarters of 
the World Health Organization on March 28-30, 1979. 

The meeting is designed to promote discussions among 
therapeutic and diagnostic radiologists, physicists and com- 
puter experts with previous experience in this field and will 
be limited strictly to 150 participants. 

The programme will include invited and proferred papers 
and discussions concerning the recognition and definition of 
tumour and target volumes and treatment planning as well 
as future directions for development. ‘The proceedings will 
be published. 

Further information can be obtained from the General 
Secretary, Professor R. J. Berry, Department of Oncology, 
The Middlesex Hospital Medical School, London WIP 
7PN. 


4rH CONGRESS OF THE EUROPEAN ASSOCIATION OF 
RADIOLOGY 
Will be held in Hamburg, W. Germany, on September 
2-9, 1979. 
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The ultrasonic challenge accepted 


-NOW ALSO IN ECHOCARDIOGRAPHY 





Sono DIAGNOST R 
For real-time imaging particularly in obstetrics and gynaecology 









Sono DIAGNOST B50 Sono DIAGNOST M 
For tomographic imaging in B-mode, with A-mode For echocardiography in T.P. mode 
and M-mode facilities 


Sono DIAGNOST A (not illustrated) 
For echo-encephalography in A-scan mode 


For details please contact Philips Medical Systems, Ultrasonics Division, 
45 Nightingale Lane, London SW12 8SX. Telephone: 01-673 7766 
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G Whichever way the figures are 
read, the White Paper offers very 
little cheer for the health and 
social services until 1981-2 
after the next election and far 
enough ahead for all predictions 
to be dubious anyway. 

In crude terms, the increase 
in the health and personal social 
services programme over the 
next three financial years will be 
marginally lower than the overall 


growth in public expenditure. 
Only in 1981-2 will the position 
be reversed, mainly because 
public expenditure as a whole 
will only increase then by 
around | per cent. In that year 
the hospital and community 
health services will get a 1.8 per 
cent increase. 


—from the Guardian 13.1.1978. 
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ILFORD... 


than meets 
the eye. 


You'll know them for their X-ray products. 








Yes, but that’s only part of the picture. 


Did you know they make Microfilm products for recording 
computer output and for image retrieval systems in banking and 
industry-even the security recording of the millions of football 
coupons returned each week. 

Pick up any newspaper or magazine and not only are 
ILFORD films and papers likely to have been used for the illustra- 
tions, but ILFORD Graphic Arts materials probably played a part 
in printing them on the page. 

Photographic products as diverse as Surveillance film 
used in banks and high-risk security areas, Nuclear Emulsions, 
Cibachrome Colour Printing materials for professionals and 
amateurs- all come from the international complex that is 
ILFORD. 

And they believe in after sales and technical service to 
support the full range. 





That's why we say there’s more to ILFORD than meets 
the eye. 


ILFORD 
X-RAY 


ILFORD Limited, Basildon Essex. 


This total body scan, dynamic heart study and 
kidney function, contribute only part of the overall 
evidence of Philips total capability in nuclear medicine 
For in addition to developing, manufacturing and 
supplying the specialised equipment, we provide a 
complete range of services to back it all up 

Expert guidance in the organisation and layout of 
your nuclear medicine department; objective advice 
about the most appropriate equipment to use; 
information on protective measures in line with general 
regulations 
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The range of equipment in Philips 
Nuclear Medicine Programme include a 
Microcuriemeter for rapid calibration of 
prepared radio-pharmaceuticals prior to 
patient administration, as well as Automatic 
Sample Changers (photo 1 shows the 100 
sample version) 

The sample changers form part of an 
integrated series of Function Measuring 
instruments comprising Counter/Timers (with 


Scintillation Scanner. Based on modular 
design principles, it can be supplied in a variety 


of configurations from a basic single detector COU PON \ 
| 


scanning and 4-track compact-cassette 
recording and playback 
The Gamma Camera (photo 4. left) 
features a selection of collimators for a wide 
variety of applications, and an output for 


Once decisions are made, we will install and 
commission the equipment and instruct you and your 
staff on its use. And if ever breakdowns do occur 
we've an international network of specialised 
technicians who are always on call 

The whole programme is based on intensive 
medical-electronic research and extensive knowledge 
and experience in the field of medical diagnostics 
That's the overall evidence Philips offer for progress in 
nuclear medicine 
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scanner to a dual-channel installation 
offering facilities for photo-scan. profile 
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optional printer control and background 
subtraction), a Gamma Analyser combining 
Isotope Selector, Pulse height Analyser 

H.T. supply and Ratemeter, and single and 
dual-channel Chart Recorders. There is à 
choice of single or dual-channe stems 
Renography for example (photo plus a 
Lead Castle for measurement in-vitro 

Total body scanning (photo 3) is an 

)ptional feature of the Philips Universal 
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connection of peripherals such as a data 
Processing and Display System (photo 4 
right). Designed specifically to provide rapid 
quantitative and qualitative diagnostic 


nformation. Philips POS employs a mini | 
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computer with disc-operated software 
programs. A FORTRAN option extends system 
capability There is no spec 
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ialised knowledge 
of data processing techniques required for 
program execution 
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i most effective economical 
accident system 


are is an integrated system for Casualty 
and Accident Radiographic Examinations. 
Based on experience gained from close 
onsultation with hospital personnel, Care 
as been designed so that unnecessary 
andling, causing discomfort to the 
rolley-borne patient, is eliminated. 


are consists of a simple, speedy and 
extremely accurate Light Beam 
Positioning Unit; a versatile Cassette 
arrier system; and a choice of trolleys. 
he work of hospital staff is simplified by 
sing the same light-weight purpose- 
designed trolleys from Ambulance through 
X-ray department to operating theatre or 
ard. 


are is available for demonstration at our 
embley showroom. Find out more by 
elephoning and ask for the brochure. 


Medical | Responsible technology 
EC Medical Equipment Limited 


PO Box 2 East Lane Wembley Middlesex HA9 7PR England 
relephone: 01-904 1288 Telex 922177 Cables: Skiagram, Wemble 








SIEMENS 


Versatility and 


cost effectiveness- 


the basis of the 


Siemens x-ray 
table. 





The multi-purpose Siregraph B x-ray table 
combines the latest Siemens cost effective practice 
with the most up-to-date and versatile developments in 
x-ray technology. 
The Siregraph Bis a fully automatic table of 
compact dimensions designed to facilitate easy 
patient access and with the following principal 
features 
e Explorator - with exceptionally large cassette 
program 

e 90*-07-20* indexing positions plus a full range of 
table-top movements in the longitudinal and lateral 
planes 








e Extensive tube/explorator excursion with parallax 
compensation for oblique angulations. 

e Tomography facility in all angulations. 

e Accepts up to Sirecon 2 30H triplex image intensifier 
and 70/100mm cameras. 

The Siregraph B accommodates a swivelling x-ray 
tube, ideal for recumbent emergency radiography 
while allowing free access to the patient from all sides 
Indexing positions at0°, 90° and 180° ensure 
reproducible radiographic settings. 

Siemens Ltd, Medical Group, Siemens House, 
Windmill Road, Sunbury-on-Thames, Middlesex, 
TWI16 7HS. Tel: 09327 85691 


In the world of remote control 
Siemens has the answer. 


(GEVAERT AG FA-GEVAE RT 





in Europe,every 
more eyes are focused on Curix film 
than on any other X-ray film. 





Thousands of radiologists which an accurate and 

prefer to make a diagnosis clear diagnosis is always 

from a radiograph on achieved. 

Curix film. And, after all, that's what 
f They are choosing Curix for really matters. 

its high definition, optimum 

contrast, brillianceandlow Further information from: 





fog level. Agfa-Gevaert Ltd., 

j Ina word, Curix film means Medical X-Ray Sales Dept., 
"quality" in medical 27 Great West Road, 
radiography. Brentford, Middx. TW8 9AX. 


A consistent quality from Tel: 01-560 2131 


xi 





CARDIOTHORACIC INSTITUTE 


associated with National Heart Hospital 


SEMINAR 


ON 


CARDIAC RADIOLOGY 


15th and 16th June 1978 


Thursday 15th June 


9.30 
9.50 
10.10 
10.30 
11.10 
11.30 
11.50 
12.10 
2.00 
2.20 
2.40 
3.00 
3.20 


Is the Heart Enlarged ? 

Selective Chamber enlargement 
Unusual cardiovascular shape 
Discussion 

Cardiovascular calcification 

Diseases of the Aorta 

Basic echocardiography 

Discussion 

Physiology of the pulmonary circulation 
Radiology of heart failure 

Pulmonary angiography and lung scanning 
Discussion 

Film Quiz 


Friday 16th June 


9.30 
10.00 
11.00 
11.20 


11.40 
12.00 
2.00 
2.20 
2.40 
3.00 
3.20 


3.40 


Clinical presentation of Congenital Heart Disease 
The chest X-ray in the neonate 
The plain film in abnormal situs & venous connexions 


Radiological differential diagnosis in the Cyanosed 
patient 


Radiology of continuous murmurs 

Discussion 

Computerization of catheter data 

Isotope imaging in cardiology 

CT Scanning of the heart 

Left ventricular function in ischaemic heart disease 


Radiological assessment of patients for coronary artery 


surgery 
Discussion 


Simon Rees 
lan Kerr 
Rosamund Thompson 


Michael Pearson 
Maurice Raphael 
Graham Leech 


Peter Harris 
Basil Strickland 
lan Kerr 


Jane Somerville 
Donald Shaw 
Michael Pearson 


Basil Strickland 
Simon Rees 


Anthony Rickards 
Duncan Dymond 
Michael Thomas 
Thomas Traill 


Maurice Raphael 


Application forms and further details from Vice Dean, Cardiothoracic Institute, 
2 Beaumont Street, London W1N 2DX (01—486 3043) 
The fee for the Seminar including lunches and refreshments is £30. 





































ology demands a versatile examination 
stem, with full provision for endoscopy, 
"standard radiography, tomography and 
fluoroscopy plus built-in drainage and 
water supply facilities. All too often, such 
i versatility is only achieved by expensive 

i compromises. 


outstanding exception is the Philips 
Uro DIAGNOST, designed from first 
-"*— principles as a dedicated urological system. 
‘No compromises have been made in provid- 
= ing all the facilities the urologist needs. 


- Top-grade tomography 

7 atthe touch of a button, with the equipment 
* moving around the patient -rather than 
vice versa -for increased comfort and 
optimum image quality. 


Full-size radiography 
with an automatic serial changer. 


Image intensifier techniques 
for full fluoroscopic control and low-dose 
documentation. 


Excellent positioning and access 

with motorized tabletop shift, tilt and height 

adjustment, together with a full range of 

positioning aids, unilateral table support 
and tube assembly parking. 


Uro DIAGNOST: the uncompromising 
urology system 






An easily fitted extensión piece The compact mobile control desk 
provides a longer tabletop ~~ for remote control of the table. 
for intravenous pyelography. Extra modules can be added for 


controlling the TV chain, the gener- 
ator or other units and functions. 








PHILIPS zum 


- For detailed information on Philips Uro DIAGNOST 


wirita ta Dhiline Marinal Quetamoe Findhavan Tha Natharlande 


UPI; TWO * 


automatic elution 


ate positive pressure system 


Easy to lift 
and handle 


Convenient, 
well-shielded eluate 
vial container 


Reliable performance and 
consistently high yields f i 
from our unique t — | "d Effective shielding, 
generator column, proved | -© f A minimizing radiation 
over many years i Z | dose to the user 





Reliable service and 
supply. Despatched on 
any weekday 


Introducing our second generation generator 





The Radiochemical Centre Amersham 


The Radiochemical Centre Limited, Amersham, England. Tel: Little Chalfont (024 04) 4444 
In West Germany: Amersham Buchler GmbH & Co KG, Braunschweig. Tel: 05307-4693-97 


Specifically for casualty 
and 
neuroradiology 





CGR now introduce the Arco Universal unit, the 
versatility of which is achieved by providing isocentric 
movements about a point in space. It is thus suitable for 

ARCO neuroradiology, general casualty and routine radiology 
with 360° tube rotation about a horizontal axis, 360° cas- 


UNIVERSAI sette rotation and wide vertical adjustment. 
This general purpose installation produces an image 


f quality as outstandingly high as specialised X-ray units. 
rom . e €x 
The quality, in fact, that is CGR. 


Full details and specifications from 
CGR MEDICAL LIMITED 


Astronaut House, Feltham, Middx. Tel: 01-890 8166 
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polyfoam. 









ANSAFO 
SER V/CAE 


Operates 
and at 







5pm. Sam 
Weekends 













unique padding permits passage of 
X-rays without showing on the plate 








HINDERS-LESLIES LIMITED 
Higham Hill Road - London - E17 6EJ 


Telephone: 01-531 7172 (10 lines) plus Ansafone 


pocket 
dosimeters 


on the spot 


detection and 
measurement of 
gamma radiation 


ACCURATE 
ROBUST 
RELIABLE 


we serve the world through our agents 


RAStephe 


es Road Mitcham CR4 3YP Tel Ol 


A typical example of the use of 
Polyfoam is the provision of a 
warm and comfortable cover 
for an X-ray couch, thus 
saving patients from having 

to endure a hard, cold surface 
when being X-rayed. 


For further information write or 
telephone. 





progress 
through 
research 














British Journal of Radiology 


TEACHING BOOKLETS 


No.1 


The Physical Aspects of 
Radioisotopic Organ Imaging. 
by K. G. Leach (1976) £1:50 


No.2 


Introduction to the Principles of 
Diagnostic Ultrasound, by H. B. 
Meire and P. Armstrong (1976) £1:40 


No.3 


Fundamental Aspects of Medical 
Thermography, by W. M. Park and 
B.L. Reece (1976) £3-40 


Available from the Publications Office, 
British Institute of Radiology, 
32 Welbeck Street, London W1M 7PG 











i ull paediatric facilities 


Ne 


TITTETY! 


sf 
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DHILIPS 


Um 


-on your 
universal stand 


In many X-ray departments, the positioning of infants and children 
poses a problem, while the actual number of paediatric examinations 
may not always justify investment in a dedicated paediatric installation. 


With the Philips paediatric accessories, any Philips universal stand 
converts to a dedicated paediatric installation in minutes, economically. 
Flexible cradles provide optimum immobilization for babies, while 
older children can be examined in a rotary patient support. In addition, 
a micturition support is provided for cysto-urethrography, 
and storage lockers keep 
the accessories out of the 
way when not in use. 


AME 


[^ 4 AN Philips paediatric accessories, the rotary 
adle is quickly fitted to a detachable footrest 
matching every Philips universal stand 


The micturition support combines comfort for 
the patient with expediency for the radiologist. 


PHILIPS Medical 


S Systems 


For further information on Philips paediatric accessories, as well as Philips dedicated paediatric programme — DIAGNOST 73P 
SRR AMAT ueber lm u-itatn: Dhiline Madical Svetems Division Ruildina OM Findhoven The Netherlands 





ne New 

E 4 Mammography S 
will show you more. 
Quickly. More safely 


The3M Mammography System- 
Trimax M-is unique in its dose/image 
quality relationship. 
It's a film/screen combination which 
can show the minutest detail 
equally as wellasanon-screen film. 
Butata speed which effectively 
cuts the radiation dose to the level of 
normal screen film combinations -with the 
convenience of 90-second processing. 
Yet another example of 
the many applications of our Trimax 
rare earth phosphors. 
Andanother victory over conventional 
compromises. 
Find out more from your 3M 
representative, or contact Alan Budge, 
X-Ray Products, 
3M United Kingdom Ltd, 
3M House, PO Box 1, 
Bracknell Berks. RGI2 WU. 
Tel: Bracknell (0344) 58227. 
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Treatment planning 
in three dimensions. 
=a! 


i Ls 














z 

The Philips Treatment Planning System (TPS) displays 
the three-dimensional seat prea in as many as 
nine freely selectable par. planes. The effects of alter- 
native treatments on the/fissue surrounding can be seen 
instantly. Hard copies of the graphic displays and the rele- 
vant treatment parameters are available in 15 seconds. 
This rapid and flexible planning is possible because the 
computer program is based ón a realistic model of the 
interaction of photons with tissue. The dose is calculated 
at each point as the sum of all events in the vicinity. Thus 
the effect of beams lying in different planes is included in 
the calculation. The TPS can deal with any megavoltage 
treatment unit and also with brachytherapy, planning 
quality improving the treatment. Its speed leaves it plenty 
of time to serve as a general-purpose computer as well. 





N.V. Philips’ Gloeilampenfabrieken 
PCP/Medical Systems Division 
Building QM, Eindhoven, The Netherlands 


Philips Medical Systems Ltd. 
45, Nightingale, Balham, 
London SW12 8SX 





The Consultant's 
diagnosis resulted in an 


excellent prognosis. 


























hi ""This will be a great aid to the work of the 

E^ Department" he said of the Barr & Stroud Rapid Cassette 
Changer. Its major feature is that it enables s serial 
angiographs to be taken in 5 seconds. 

For full details use the journal reply system or call us, 
Barr & Stroud Limited (Dept. BJR2), 1 Pall Mall East, 
London SWrY 5AU. 

Telephone 01-930 1541. Telex 261877. 


Rapid Cassette Changer SQ13 


Although manually operated this Changer enables 
one exposure per second to be achieved easily, in 
either plane. 

Designed for use on Schonander or Barazzetti 
skull units it can be used on others with suitable 
modifications 

Our mounting ensures vibration free 
operation and the chamber design compensates 
for divergence of the X-ray beam 
The ‘L’ design of the unit allows lateral 
or AP views to be taken without needing to 
reposition the patient's head. 

Strongly constructed in alloy with a 
white perspex overlay the SQ 13 measures 
53X 48 x 46 cm., weighs 17 Kg empty and 

48 Kg when loaded with 5 cassettes. 


Barr & Stroud 


d us to your resources 


MEDICAL AND SCIENTIFIC INSTRUMENTATION 
ELECTRONIC FILTERS. OPTICAL. FILTERS 
FIBRE OPTICS. LASERS 





The new portable real-time ultrasound 
scanner from Kontron Roche 


e Built to a unique design, offering all the facilities 
you require for obstetric and general abdominal scanning 
e Truly portable design makes it very easy to use in 
ante-natal clinics and other departments within hospitals 
e Simple operation facilitates routine obstetric investiga- 
tions with the minimum of fuss — e Fetal maturity 
estimations can be established quickly using the integral 
electronic calipers which automatically reproduce an 
on-screen digital display. — e Results are permanently 
recorded with the built-in camera. — e The excellent 
grey-scale display shows moving structures up to 25 cm 
deep. œ All our customers are backed by a national 
24 hour Kontron Roche service. 


serving hospitals throughout 
the world 





Q 
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f For further information, please complete the 


coupon below and post to Dr. Hargreaves, 
Kontron Instruments Ltd., P.O. Box 188, 
Watford WD2 4YX or telephone Watford 
(0923) 47666 


Please contact me to arrange a demonstration 
of/send me further information about/ 
the Axiscan 5. 


POSITION 
ADDRESS... os Sa s 
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Your own, 
personal mine of information 


W.B. Saunders Clinics 


Ifyou already subscribe to W.B. Saunders 
Clinics, ch en you li realise | just what an invaluable 
source of information i are. Each edition 

throughout the year, gives in-depth coverage of 
one particular aspect of clinical m anagement — 
written by eminent teachers, practitioners or 
researchers 

W.B. Saunders Clinics are published 
penodically throughout t the year are hardbacked, 
and carry no advertising. As your series of Clinics 
huilds-up, you ll appreciate t that these extremely 
authoritative books keep you abreast of all the 
very latest advances add. techniques relevant to 
vour field. 

If vou haven't subscribed to W.B. Saunders 
Clinics until now, then this is your opportunity to 
start. Single copies are available, but if you take- 
upan; Annual Subscription, you'll save money - 
and as a special bonus, (for a limited period only), 
we're offer ng a free book* 


*A pple s only to Annual Subse niptions taken-up within 
six weeks as from date of publication af this journal 





Saunders Clinics in Radiolo y 

April THE NONTRAUMATIZED 
EMERGENCY ROOM PATIENT 

August THE LARYNX AND TRACHEA 


December. PULMONARY RADIOLOGY 
Subject to change without prior notiticanon 
Single copy rate £7.00 Annual subse FIPHION rates 
£18.00 (three consecutive Issues) 


If you take- up an Annual Subscription, you may 
also choose, as a free gift. one of these two books: 
@Special Procedures in Chest Radiology bi Sagel 
@ Fundamentals of Abdominal and Pelvi 
Ultrasonography by Leopold and gun 


a pns of Interest 
E URINARY TRACT (Advanced Exercises in 

ge Radiology 10) by Walsh & , MeNulty 
Published November 19770 72 216 9112 9 £6.00 

@ AN EXERCISE IN INT RA-ORAI 
RADIOGRAPHIC INTERPRETA] 
Langlais & Kasle 
Published April 19780 7216 $624 2 £8.00 

@ SYNOPSIS OF RADIOLOGIC AN; ATOMY hy 
Meschan 


Published { April 19780 7216 6295 1 £14.00 


TON by 


Complete the coupon, and send (no stamp 
needed within UK and Northern Ireland) to 
holt-saunders Itd 

publishers 
Freepost EA86, 1 St. Annes Road, 
East Sussex BN21 IBR 


Eastbourne, 


“Payment can be made by cheque or sterling bank draft** or alternatively by Credit f l f 
C i idelete as applicable). Cheques should be made payable to Holt-Saunders Ltd **Lucal Exchange Control Regulations Permittiug 


| Ple: ise record my subscription for 1978. 1 enclose £18.00 








L E Please send mew 
Please send mea free leaflet on Clinics in Radiology 


L.] Special Procedures in Chest Rad iology by Sagre 


3 
j American Express Diners Club 





Credit Card number |. 


Your 


copy/iesof a nen 


{Please insert. in BLOCK CAPITALS, utle. author and price). Fenclose £ 


FREE BOOK Applies oni y to Annual Subscriptions (Please tick one). 


Fundamentals of Abdominal and Pelvic Ultras mography by Leopold and Asher 





Chnic/s will be sent to you automatically. as and when they are published 


J Please send mea copy of The Nontraumatized Emergency Room Patient. Henclose £7.00* 





Name 2 e 


Signed 
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Scinti phy 
Kit 3 

Your kit starts with any of our three simple one-step preparations 
which combined with our new Sterile Technetium-99m Generator offers 
a complete package for liver, lung, bone and brain scintigraphy. Later 
we will be adding more kits to our range. 

All our kits are tested extensively in clinical trials which include 


the use of other technetium-99m generators as well as our own. All are 
terminally sterilized and every batch is animal tested. 













Our Technetium (MDP) Agent gives you the best skeletal visualization 
available today. The high bone uptake and rapid clearance from blood 
and soft tissue makes this superior to other bone agents giving better 
definition and improved discrimination. tx 


Agent for Bone Scintigraphy F 
| 


Ecc. n LE 


New Agent for Lung Scintigraphy Eo o 

Our new Technetium (MAA) Agent offers MERE an RY 
detailed lung visualization, with no interference | e ii: 
from the liver. Particle size is strictly controlled with 
the majority in the range of 10-80. 


1 
i 


New Agent for Liver Scintigraphy 


The latest addition to our 
range isthe unique Technetium Am 
(tin colloid) Agent. Its preparation 
is much simpler than sulphur 
colloid agents and requires no 
heating stage. It will visualize liver 
and spleen and unlike agents 
based on phytate, the colloid is 
formed in the vial, allowing 
quality control checks prior to 
injection. 





* 
v a a 
The Radiochemical Centre 
Amersham 


The Radiochemical Centre Limited, Amersham, England. Tel: Little Chalfont (024 04) 4444. 
in W. Germany: Amersham Buchler GmbH & Co, KG, Braunschweig, Tel: 05307 4623-97. 
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Designed by The Cyclotron Corporation 





specifically for installation in a hos- 
pital's nuclear medical department, the 
Model CP-16 Clinical Cyclotron™ pro- 
duces the short-lived, positron emitting 
150, 23N, ?!C and !*F plus other medi- 
cally useful isotopes. Multicurie quanti- 
ties of the positron emitters are 
produced, making possible labelling of 
organic compounds in addition to on- 
line applications. 

Among the many new innovative 
design features incorporated in the 
Clinical Cyclotron™ is the ability to ex- 
tract the beam from the machine at 
more than one location. Furthermore, 
two radioisotopes can be made simul- 
taneously. It is now possible to make 
full use of the beam at multiple target 
locations without the requirement for an 
external beam transport system. 

As the name suggests, the Clinical 
Cyclotron™ is remarkably easy to 
operate. In a few weeks a Senior hos- 
pital technician can be trained in all 
phases of its use. Production of radio- 
isotopes with the Model CP-16 can be 
simplified further by selection of the 
computer control option. In this configu- 
fation, start up, operation and shut 
down of the Clinical Cyclotron™ are 
handled automatically after the operator 
has entered the required data 

Another potentially valuable op- 
tion is complete self-shielding. This can 





be of particular advantage when it is 
necessary to make use of existing 
facilities because of budgetary or other 
constraints on new construction. As the 
artist's illustration reveals, this feature 
permits locating the controls and the 
Model CP-16 Cyclotron in the same 
room under “controlled area" con- 
ditions. 

The standard Clinical Cyclotron™ 
produces the desired radioisotopes 
utilizing selected (p,n), (p.xn), and (p, a) 
reactions shown in the accompanying 
table. Should a user prefer to employ 
some or all of the listed (d.n) or (d, a) 
reactions, this capability is available as 
an option. Likewise, the ability to vary 
the energy of the particles accelerated 
by the Model CP-16 Cyclotron is an 
optional feature. The energy range 
applicable to protons is 4-16 MeV; for 
deuterons, 3-8 MeV. 

Drawing on the extensive 
experience gained in building over 20 
cyclotron systems and the advice and 
Counsel of users of these systems, The 
Cyclotron Corporation also has devel- 
oped the Model CP-30 Cyclotron. This 
machine is designed for those users 
who want to have the ability to produce 
the full range of medically useful iso- 
topes in the hospital. With the Model 
CP-30, virtually all of the longer half- 
life isotopes can be produced in 
commercial quantities. This cyclotron 


























also can be used as a major component 
of a neutron therapy system. Computer 
control and variable energy are standard 
features of the Model CP-30 Cyclotron 
Like the Clinical Cyclotron™ this 
machine produces protons but the 
energy range is 8-30 MeV; for optional 
deuterons, 4-15 MeV. 

The Cyclotron Corporation also 
can provide target and beam transport 
systems plus complete laboratories in- 
cluding hot cells. Experienced personnel 
are available to assist the users' 
architects and engineers in designing a 
new or remodeled facility. 


PRODUCTION OF ISOTOPES IN CURRENT USE* 


ise — "C | 9N 
Reaction 
CP-16** 


Nip.) | 16 0ip,a) 


1? Cid.n) 
CP-30** Is Nip.n) 
14 N(d n) 


14 Nip,a) 18 Qin. a) 


Cid.) 


* Oip.pn) 


123| 67 Ga 


123 Tep.n) 


123 Teip n) 
12% Telp,2n) 


.. 2nlp.xn) 
551 2n\d,n) 


... Znipan) 
86 Zn(d,n) 
$3) 7nip.2n 


117 Cdip 2n) 





NOTE: *Where current use data indicates reaction is possible only with Model CP-30 or significantly higher yields are obtained using CP-30 


the reaction is printed in blue 


** Acceleration of deuterons is available as an option, 


M Denotes enriched isotope 

































THE 


CYCLOTRON 
850 Gilman St ONE 


Berkeley, California 94710, U.S.A 
Cable Cyclotron Berkeley 
Tel. (415) 524-8670, Telex 910-366-716 


Please send me more 
information on: 


! C Model CP-16 Clinical Cyclotron™ 
| C Model CP-30 Cyclotron 


C Model 4200 Positron Camera System 
CO Neutron Therapy Systems 


Name 


| Street Address. — 


City 


Country Postal Code 
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ACTON TECHNICAL COLLEGE 


Computers 
in Hospital 
Service 


A short series of evening lectures dealing 


with the application of computers to 
hospitals. 


Topics include: 
Computer Systems, Computer Manage- 
ment, Software, X-ray Scanner, Future 
Developments. 


Wednesdays 6.30—8.30 p.m. starting 22nd 
February. Fee £15. 


Further information and reservations — 
contact M. Grimshaw or D. J. Richardson, 
Acton Technical College, High Street, 
Acton, London W3 6RD or Telephone 
01-993 2344 Ext. 2129/2374. 











WANTED 


DIAGNOSTIC 
RADIOLOGIST 


required for group in large western Canadian 
city. Training in ultrasound, mammography and 
Nuclear Medicine an asset. Private clinic 
practice and hospital affiliation. Please reply to 
Box No. 7, British Journal of Radiology, 

32 Welbeck Street, London WIM 7PG. 














Radiologist in Stuttgart visiting 
England with family June 1978 seeks 
2--3 holidays in July for his daughter 
16 years and son 14 years in separate 
families, London area with possibility to 
attend Holiday Language Course. 
Exchange or pay. 

Write Box No.9 

The British Journal of Radiology 
32 Welbeck Street 

London W1M 7PG 











NUCLEAR MEDICINE PHYSICIAN 
(Full Time) 


Experienced nuclear medicine physician required to assume charge of an 
enlarged Department of Nuclear Medicine located in a new building. The 
physician must be fully qualified in Nuclear Medicine with experience in all 
related fields including Cardiology. 


The candidate must either have or be capable of obtaining his or her Fellow- 
ship (Nuclear Medicine) from the Royal College of Physicians and Surgeons 
of Canada and be eligible for full registration with the College of Physicians 
and Surgeons of Ontario. Suitable candidates will be eligible for a teaching 
appointment — Faculty of Medicine, University of Ottawa. Fluency in French 
would be an asset. 


Further particulars and application forms may be obtained from: Director, 
Ottawa Clinic Ontario Cancer Foundation, Ottawa Civic Hospital, 
1053 Carling Avenue, Ottawa, Ontario K1Y 4E9, Canada. 








Cathetron 
Remote loading 
Intracavitary unit 
using Cobalt 60. 


The Cathetron has now been in clinical use 
for over a decade and is used by well over 
30 hospitals in nearly 20 different countries. 


Use of the Cathetron gives full protection, 
from radiation hazards, to all staff and 
reduces treatment time to minutes, thus 
ensuring that the Catheters stay in their 
correct location. These short treatment 
times mean that many patients can be 
treated as out-patients and therefore need 
not take up valuable bed space. 


The Cathetron is used for surface mould 
treatments; treatments of the oesophagus 
and bronchi as well as gynaecological 
cases. 


[T][E]M] Instruments Limited 


Gatwick Road, Crawley, Sussex, RH10 2RG, England Tel 0293 31244 
Telex 87397, Grams TESTMENT CRAWLEY 
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RADIOTHERAPIST 


Department of Radiology and 
Radiotherapy at Pahlavi Medical Center, 
University of Azarabadegan is in need of 
two experienced Radiotherapists, 
preferably with a university career. 


Salary, 18,000-24,000 U.S. dollars per 
annum depending on qualifications. 


Please apply to: 
Chancellor's Office, 
University of Azarabadegan, 
Tabriz, Iran 








A.0.T. 14" by 14’ 

Rapid serial changer for sale 

In good condition and working order. 
Offers Viewing, London W.1 

Box no.10 

The British Journal of Radiology 

32 Welbeck Street, London W1M 7PG 








12th INTERNATIONAL 


CANCER CONGRESS 
Buenos Aires 5th-11th October 1978 


Special Group Travel arrangements are available 
in co-operation with the official airline, 
Aerolineas Argentinas. 

For further details apply to : 

Express Boyd Limited 

4/5 Bonhill Street 

London EC2A 4BX 

| Tel. No. 01-628 6060 ATOL No. 373B 
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The British Journal of Radiology 


REVIEW ARTICLES 


The Possibility of Hazard in Medical and 


Industrial Applications of Ultrasound. 


by C. R. Hill 50p 

An Evaluation of Conventional Radiography in Acquired Heart Disease, 

by R., G. Grainger 50p 

The Plain Chest Radiograph in Congenital Heart Disease, by K. Jefferson 70p 

The Kinetics of Tumour Cell Proliferation and Ra diotherapy, by M. Tubiana 75p 

Radiation Therapy in Diseases of Larynx, by R. Morrison 75p 

The Radiological Diagnosis of Adrenal Tumours, by D. Sutton (April 1975) 75p 
75p 

Tumour Imaging Radiopharmaceuticals, by A. H. F. Paterson and 

V. R. McCready (July 1975) 50p 

The potential of Californium-252 in Radiotherapy, by E. J. Hall and H. Rossi 

(October 1975) 75p 

Craniopharyngioma: based on 160 cases, by M. Banna (March 1976) 80p 


Pancreatic Scanning, by J. E. Agnew, M. Mazeand C. J. Mitchell (December 1976) 70p 
Gastro-oesophageal Reflux, Hiatus Hernia, and the Radiologist, with 

Special Reference to Children, by G. M. Steiner (March 1977) 65p 
Classification and radiographic features of uterine malformations: 
hysterosalpingographic study, by E. Zanetti, Liliana R. Ferrari and G. Rossi 


(March 1978) 


55p 


Available from the Publications Office, British Institute of Radiology, 32 Welbeck Street, 
London, WIM 7PG (remittance with order please). 


| 
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| 
| Bone Scanning, by M. V. Merrick (May 1975) 
| 
| 
| 
| 
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Our CTI scanner m ^ 
won'tbe outdated '^* | 
tomorrow. a 


Philips TOMOSCAN 300 is the universal 
CT scanner designed and manufactured 
to give years of efficient and reliable service. 
Developed in close consultation with the 
medical profession, it meets all requirements 
for routine clinical practice. 
The TOMOSCAN 300 features scan times as 
short as two and a half seconds, and offers 
geometrical enlargement for outstanding 
image quality in a variety of applications - 
whole-body, cerebral, and paediatric. 
In addition, sophisticated patient 
positioning aids ensure rapid 
and accurate examination procedures. 
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Backed by a past that includes extensive 
experience in X-ray diagnostics, the Brel [eret 
300 is the CT scanner with a future. 
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CT DOSIMETRY 


MADE EASY 


Until now, measuring X-ray 
exposure from CT scanners has 
been both tedious and costly . 

with less than accurate results 


















Capintec has changed all that 
with the new Tomorad Dosimetry 
System. Direct, digital readout 

gives accurate and quick 
measurement of X-ray 
exposure from CT systems with 
no dosimeter chips to handle 
and no film to develop in most applications. 


Capintec's Tomorad 
Dosimetry System includes 4 
the Model 192 Exposure/ 
Exposure- Rate Meter, 
Model PC-4P CT Probe, | 
20 feet of PMC Low- 
noise Cable, and the 
PP-8T CT Scanner 
Phantom, 8" dia. x 6" 
length 


For further details, telephone 
the U.K. Sole Distributor, 
Internuclear at Swindon 
(0793) 30579. 










Distributors for Atomic Development Corp — Birchover Instruments — Capintec Inc. — 
Diagnostic Isotopes Inc. — Matrix Instruments — Medicor — Omnimedical 
Veenstra Instrumenten b v 
nternuclear Limited, 18 Bath Road, Swindon, Wiltshire. SN1 4BA. Telephone: 0793 30579 Telex: 449493 


True qualities that 
come as a revelation 


onray 
ontrast 
edia 





The dependable qualities and wide scope of ‘Conray 
contrast media have been clearly demonstrated throughout 
many years of use in the field of radiodiagnosis 

'Conray' offers a choice of formulations designed to 
provide wide margins of safety and comfort for the 
patient together with optimum visualization in a 
comprehensive range of procedures and techniques 


'Conray'* contrast media are formulations of meglumine 
iothalamate, sodium iothalamate or combinations of 
the two 


*trade mark of Mallinckrodt In 


Further information is available in the data sheet 
May & Baker Ltd Dagenham Essex RMIO 7XS 


db TE] Maya Baker 
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THROUGHOUT THE DAY 
WE "THINK X-RAY” 


and one of our overseas friends has been kind enough to acknowledge this 
single-mindedness when addressing his enquiry to Bushey. 


Our interleaved office “‘master-copy” of the Tenth (White) Edition of 
"Everything X-ray" contains a mass of additional manuscript information 
for inclusion in the next edition. 

Although not infallible it is probably the most complete and up-to- 
date record of current X-ray accessory prices etc. in the country. 

It is backed up by a simple but effective library of manufacturers’ sheets 
with data too extensive to include in "Everything X-ray". 

A telephone call to 01-950 2525 puts all this information at your 
disposal, within seconds of connection. 


CUTHBERT ANDREWS 


EVERYTHING X-RAY LTD. 


5 HIGH STREET, BUSHEY VILLAGE, WATFORD WD2 IBE 


Overseas telegrams: EXRAYZE WATFORD Telephone: 01-950 2525 





1978, British Journal of Radiology, 51, 241-250 
VOLUME 51 NUMBER 604 


APRIL 1978 


The British Journal of Radiology 





Sixth Interim Progress Report of the British Institute of 
Radiology fractionation study of 3F/week versus 5F/week 
in radiotherapy of the laryngo-pharynx* 


By G. Wiernik (Chairman), N. M. Bleehen, J. Brindle, J. Bullimore, |. F. J. Churchill-Davidson, 
J.Davidson, J. F. Fowler (Joint Hon. Sec.), P. Francis (Programmer), R. C. M. Hadden, 
J.L. Haybittle (Statistician), N. Howard (Joint Hon. Sec.), |. F. Lansley (Programmer), R. Lindup, 


D. L. Phillips, and D. Skeggs. 


British Institute of Radiology, 32 Welbeck Street, London W1M 7PG 


(Received September, 1977 and in revised form October, 1977) 


ABSTRACT 

'The results are reported of the multicentre BIR frac- 
tionation trial of 3F/week versus 5F/week in radiotherapy of 
the laryngo-pharynx. 687 patient records have been ana- 
lysed with respect to survival rates, recurrence-free rates and 
laryngectomy-free rates. For the group as a whole these 
analyses show no difference between the two fractionation 
regimes. Analysis of the sub-group which had early disease 
confined to the vocal cords does, however, show a better 
recurrence-free and laryngectomy-free rate for those pa- 
tients treated with 5F/week, though the survival rate for the 
two groups remains similar. Acute and late normal tissue 
reactions are reported for up to six years after treatment. 

Ít appears that treatment with 3F/week can be given 
safely to patients with advanced disease. The differences 
between the two treatment groups who had early disease of 
the vocal cords are discussed, but until more data become 
available in the future the problems raised cannot be re- 
solved. 


In therapeutic radiation the pendulum has swung 
several times between advocates of single dose treat- 
ments and of prolonged treatment schedules span- 
ning several months. Probably most of the possible 
variations between these extremes, such as multiple 
fractions per day, protraction, split-course régimes 





*Reprints are available from the BIR, 32 Welbeck Street, 
London W1M 7PG at 60p per copy or $ equivalent, 
(remittance with order please). 


Patients were entered into the trial from the following 
centres: Bristol (J. Bullimore, S. Curwen, R. C. Tudway); 
Coventry (K.Sicher); Exeter (R. C. M. Hadden); Glasgow 
(T. C. Davidson, K. E. Halnan); Liverpool (M. A. Stewart); 
London-—Charing Cross Hospital (D. O'Connell, N. 
Howard), London Hospital (W. Shanks), Middlesex Hos- 
pital (N. M. Bleehen), Royal Free Hospital (D. Skeggs), St. 
‘Thomas Hospital (T. D. Bates, I. F. J. Churchill-Davidson); 
Newcastle (R. Finney, W. M. Ross); Oxford (K. R. Durrant, 
F. Ellis, A. H. Laing, C. H. Paine, G. Wiernik); Plymouth 
(J. Brindle); Reading (J. S. Bunting); Southend (D. L. 
Phillips); Stoke-on-Trent (R. Lindup, D. Meredith-Brown, 
E. R. Monypenny). 


etc., have also been reported at intervals of a genera- 
tion or so. None of these records, however, satisfy 
modern criteria for a number of reasons: firstly, at 
the time of most of the early reports the measure- 
ment of the physical dose was inadequate by current 
standards; secondly, the number of observations 
from which they drew their conclusions would not 
be thought sufficient on the basis of our present 
statistical methods of analysis; thirdly, the bio- 
logical end-points which were chosen, such as ery- 
thema, are too variable in themselves to permit 
accurate assessment. 

In 1963, it appeared appropriate to reappraise the 
place of fractionation in the light of all the advances 
that had taken place, having in mind the background 
of an extensive literature which was of only limited 
value. The British Institute of Radiology, therefore, 
set up a Working Party for this purpose which, after 
due consultation between physicists, radiobiologists, 
statisticians and radiotherapists, decided to tackle 
a small aspect of the whole fractionation problem in 
order to obtain a more valid answer than hitherto. 
Daily treatment régimes were the rule in the ma- 
jority of centres throughout the world; it was con- 
sidered that if it could be shown that treatment on 
alternate days, namely three fractions per week, gave 
similar results then this would be a helpful finding. 
It would spare patients many unnecessary attend- 
ances for treatment and in addition it would repre- 
sent a very material financial saving. 


MATERIALS AND METHODS 
The laryngo-pharynx was chosen as the most 
suitable region for the trial as both the tumour and 
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the surrounding normal tissues could be assessed 
regularly by direct observation so that serial data 
could be obtained from the same patient over a ten- 
year follow-up period. It is well known that tumours 
at primary sites such as the true vocal cord carry a 
very different prognosis from tumours arising in the 
piriform fossa; the design of the trial took this into 
account, Details concerning the malignancy had to 
be provided which would allow subsequent categor- 
ization on the basis of the relevant TNM classifica- 
tion. In order to obtain the maximum number of 
cases in the shortest time it was decided to accept 
into the trial any patient who had a histologically 
verified carcinoma in the laryngo-pharynx region. 
This simple policy has, in practice, shown itself to 
be entirely satisfactory. Patients with distant met- 
astases were not elegible. 

A large sample of the histological slides from 
patients entered in the early years of the trial was 
reviewed (by D. St. J. Brew) and, after much effort 
to obtain a complete set of good slides, no serious 
discrepancies were found in the histological grad- 
ings. 

At each centre, when the decision had been taken 
that the patient was eligible for the trial, a sealed 
envelope was opened which specified either three or 
five fractions per week. The same overall time was 
used for both schedules in a given centre. Thus each 
centre contributed approximately equal numbers to 
both arms of the trial (Table I). 

A reduction in total radiation dose was employed 
for treatments with 3F/week compared with 5F/ 
week. This reduction was 11 to 13° for overall 


TABLE I 
NUMBERS OF PATIENTS ANALYSED* 




















Code no. of centre 3F/wk 5F/wk 

61 65 
10 14 
| 71 67 
| 8 15 
9 8 
5 7 
6 3 
| 29 23 
| 7 11 
| 54 56 
i 6 8 
| 2 5 
| 24 37 
| 13 14 
i 8 9 

| 16 12 | 
| 2 2 

Faa Bu — | 
Totals | 356 


331 | 
i 


* After withdrawing 9 (see text) 





treatment times of six to three weeks respectively, as 
listed in Table III of the Second Progress Report 
(1968). The radiation was delivered by cobalt 60 
machines or linear accelerators, with wedges where 
appropriate. 

The BIR Working Party on the effects of dose 
fractionation in radiotherapy has reported on six 
previous occasions (1963; 1964; 1968; 1970; 1971 
and 1972) but as six years have elapsed since the 
5th Interim Progress Report (1972) it appears ap- 
propriate to provide an up-to-date account. A fur- 
ther 310 new patients have been entered into the 
trial which has now been closed, as planned. A new 
trial comparing a short with a long overall time for a 
course of radical irradiation to the laryngo-pharynx 
areas has been launched. Sufficient time has now 
passed to allow us to evaluate data on some of the 
late radiation reactions, although the final analysis is 
still several years ahead. Follow-up of the patients in 
this trial will of course continue. 

The total number of patients admitted up to the 
end of the trial (December, 1975) was 732 from 17 
centres of radiotherapy and oncology in the U.K. 
Three centres contributed over 100 patients each 
and two others over 50. The records of 696 patients 
who have been followed up for more than 12 weeks 
have been checked and entered into the computer by 
I. F. Lansley and P. Francis: 338 at 3F/week and 358 
at 5F/week. Twenty-two of the remaining 36 are 
being checked for missing data, most of which will 
be obtained. Nine patients have been excluded from 
the analysis because they were not followed up 
(Table I). 

The reasons for seven of these exclusions were 
stated in the Fifth Interim Progress Report (1972); 
Nos. 11012, 12017, 14039, 15015, 20002, 20004 
and 24021. Two others have been withdrawn since 
then: 21073, lung metastases found soon after start 
of treatment; 24047, given both 3F and 5F per week 
during treatment. Of these nine in all, six drew 3F/ 
week and three 5F/week. Thus data for 687 patients 
have been analysed with follow-up periods of at 
least six months. 

As in the previous interim analyses of this trial, 
observed survival rates and an analysis of early 
reactions up to 12 weeks are reported, In addition 
we now present for the first time local recurrence- 
free rates, laryngectomy-free rates and an analysis 
of 12 different types of late normal-tissue reaction 
recorded up to six years after treatment. 

The data are presented in seven tables and four 
figures. Not all the normal-tissue reactions are pre- 
sented graphically; some were recorded with negli- 
gible frequency and these are presented only in the 
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tables. The list of figures and tables provides an 
index of the results. 
Table I List of centres with number of patients 


followed up for more than 12 weeks and available . 


for analysis in January 1977. 

"Table II Significance tests on the curves in Figs. 
1, 2and 3. 

Table III Reactions in normal tissues up to 12 
weeks after start of treatment (marked - mucous 
membrane reaction, oedema, dysphagia). 

Table IV Late reactions in mucous membranes 
(telangiectasia, atrophy, oedema). : - 

Table V Late reaction in skin (telangiectasia, 
subcutaneous fibrosis, atrophy, dyspigmentation). 

Table VI Other late reactions (pain, dysphagia, 
probable myelitis and perichondritis). 

Table VII Necrosis (in skin, mucous membranes 
or cartilage). 

Figure 1 Observed survival rates (all sites, tu- 
mours confined to mobile vocal cords, and sites other 
than mobile vocal cords). The rates are calculated by 
the life table method and uncorrected for age. The 
numbers along the abscissae are the numbers of 
patients followed up to at least that time. 

Figure 2 Local recurrence-free rates (sites as in 
Fig. 1). 

Figure 3 Laryngectomy-free rates (sites as in 
Figs. 1 and 2). 

Figure 4 Graph of certain late reactions’ versus 
time. 

RESULTS 
Observed survival rates 

There are no significant differences, between 3F 
and 5F per week, in observed survival rates for any 
of the site classifications (Fig. 1). There is, however, 
a highly significant difference in survival rate be- 
tween patients with lesions classified as “cords 
mobile" (confined to vocal cords) and those with a 
lesion in a different site (.X? —112).* This difference 
confirms that the subdivision is an important one to 
make when analysing the results. Recurrence-free 
rates and laryngectomy-free rates are also much 
higher for "cords mobile" cases than for other sites: 
X? —64 and 23 respectively for the nine-year period. 
( These differences are not shown in a graph). 


Recurrence-free rates 
Recurrence-free rates for "all sites" are not sig- 
nificantly different for the two fractionation régimes 


ei » 





* X? is the statistic calculated by the Logrank test as des- 
cribed by Peto eż al. (1977). When two groups are being 
compared the corresponding values of P are as follows. 
X?==2.71 3.84 5.02 6.63 7.88. 10.83 

P 0.01 0,05 0.025 0,01 0.005 0.001 
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(Fig. 2a), nor are recurrence-free rates for "sites 
other than cords mobile" (Fig. 2c) For "cords 


mobile", however, the 5F/week patients have a 
higher recurrence-free rate than those treated at 
3F/week (Fig. 2b) and the difference, although 
small, is significant (X?—4.91, P —0.026). This sub- 
group represents about 40°, of all the patients 
analysed. 


Laryngectomy-free rates 

Laryngectomy-free rates show the same trend. 
There are no significant differences for either “all 
sites" or for "sites other than mobile vocal cords" 
Figs. 3a and c). For "cords mobile", however, the 
laryngectomy-free rate is higher in the 5F/week than 
in the 3F/week patients (.Y?—4.97, P-—0.024) as 
shown in F lig. 3b. 

This result is consistent with a separate, more 
detailed check that was carried out, by writing to the 
radiotherapists concerned, to establish the reason 
for each laryngectomy. Among the total of 142 
laryngectomies which were carried out, the histo- 
logical report on the specimen recorded no evidence 
of malignancy in only seven cases. Very few cases of 
necrosis occurred (Table VII) and in all except one 
the presence of malignancy was confirmed by the 
histological report. Laryngectomy was, therefore, 
carried out almost exclusively for local recurrence 
and not for necrosis; the laryngectomy rates and the 
recurrence rates, which can be derived from the 
data shown in Figs. 2 and 3, can be seen to be in 
close agreement. In the "cords mobile" category 
there were 11 versus 25 recurrences and 13 versus 28 
laryngectomies for the 5F/week versus 3F/week 
treatments respectively. 

The same trend was seen in each of the three 
centres contributing the most patients when these 
were analysed separately, although in no centre 
alone was the difference significant. An analysis was 
performed, for four large centres, of the doses 
actually given and of the normal tissue reactions 
recorded in the laryngectomy versus the laryngec- 
tomy-free cases, but no trends were found. It can- 
not, therefore, be shown that lower doses were given 
to those cases which were subsequently submitted to 
laryngectomy because of local recurrence. No trends 
were found for the centres which used overall times 
of 25 to 30 davs as compared with 39 to 45 days. 

When recurrence-free rates are considered, 5F/ 
week does seem to improve the results in patients 
with mobile cords. Considered alone by the logrank 
test the difference is significant (0.05 > P» 0.025); 
but when an overall test is done on the data the P- 
value is between 0.1 and 0.05 for all patients (see 
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OBSERVED SURVIVAL RATES RECURRENCE - FREE RATES 
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Fic. f. As Fig. Í for the proportion of patients who experienced no 


local recurrence. P less than 0.03 is probably significant 


Observed survival rates of patients versus time after treat- A 
(but see Table II). 


ment, The numbers of patients surviving at each anniver- 
sary are shown along the bottom. Upper row: 0:3F /week. 
Lower row: X:SP/week, The values of X? are for the 
logrank test as defined by Peto et al, (1977). P greater than 
0,5 means not significantly different. No correction for age 
of the patients or mortality of patients without cancer is 
made, “Cords mobile" means tumour confined to the vocal 
cords 
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LARYNGECTOMY - 
FREE RATES 


(d) ALL SITES 


5 F/W 


100 


Spia 3 F/W 


i 227 172 142 105 81. 51 32 14 9 
356 242 196154 120 75 42 26 10 6 


rook, (D CORDS MOBILE 


i45 125 104 86 6653 33 21 9 7 
136 120 107 90 75 51 24 17 6 4 
O n 


50 


PERCENT OF PATIENTS WITHOUT LARYNGECTOMY 


[BG 102 68 54. 39 28 1 
L 
n i22 BS 64 45 24 
Oo 3 
Fic. 3. 


As Figs. 1 and 2 for the proportion of patients who have not 
had a laryngectomy. 


6 YEARS 







LATE REACTIONS 


TELANGIECTASIA OF 
MUCOUS MEMBRANE 


| 
10/55 (sr/W) 






10 nro: 
5 ^o2/69 (F/W 
OEDEMA- 
a6 ANY SITE 
W a 
BUR m 
T 20 : 
Q 
Q 49 o y 4/69 
Z S B" a e: 
IO PAIN- ANY SITE 
oom 2/55 


Kp we x^ 0/69 
SUBCUTANEOUS FIBROSIS 


PERCENTAGE : 
O 


4/69 | 
yo cae 4/03 | 
O 
lol SKIN-ATROPHY 
2/55 
0/69 
QL.ONE-D--O-—*—5 o 
IO DYSPHAGIA 
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O 79-07 1/55 
O!2 34 6 7 YEARS. 
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Percentage incidence of normal tissue reactions recorded in 
each annual interval (except the first two six-month per- 
iods). Crosses—5F week. Circles—3F/week. 
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Table II). The latter values are probably more 
reliable and suggests that the improvement is only 
very small. 

A similar result is obtained for laryngectomy- 
free rates except that in this case the P-value for the 
overall test is greater (0.2> P> 0.1); this difference 
18 not significant. 

Although the differences are small and the stat- 
istical significance is not very great, the results from 
the doses used in this trial suggest that in the sub- 
group with the best prognosis, “cords mobile", 
daily fractionation may be followed by fewer local 
recurrences; the survival of the patients, however, 
was not affected because those with recurrence could 
be cured by subsequent laryngectomy. The pos- 
sible causes for this result are dealt with in the dis- 
cussion, 





Normal tissue reactions 

The normal tissue reactions show fewer differ- 
ences, The three early reactions recorded in Table 
III are greater for 5F/week than 3F/week, but none 
are significantly different. Although it is highly 
probable that the last column means “reaction 
absent", we have presented the data in Table III as 
they were recorded. 

The late reactions seen in the mucous membrane 
show that although telangiectasia appears to occur 
more frequently in 3F/week than SF/week cases 


before three years the reverse is true after that time 
(Table IV) but none of the differences are signifi- 
cant (Fig. 4). In the skin, late subcutaneous fibrosis 
and atrophy are also not significantly different for 
3F/week or 5F/week (Table V). Other late reactions 
(Table VI) show no significant differences. 

The numbers of patients with necrosis are small 
and are similar in the two groups (Table VII). The 
centres concerned have reviewed the original hospi- 
tal records of the patients in whom necrosis was 
reported, in order to determine whether these pa- 
tients had persisting or recurring tumour which 
might have been mistaken for radiation necrosis. 
Only those patients who were confirmed as being 
free of viable tumour tissue, so that necrosis was 
attributable to excessive radiation dose to the normal 
tissue, are listed in Table VII as having "confirmed 
necrosis". It was found in one centre, for example, 
that four out of the six patients who had been re- 
ported as having necrotic ulceration at six months in 
fact had recurrences which were only identified 
subsequently. 

An attempt was made to determine a dose- 
response relationship by dividing the patients in 
Centre 11 into three groups according to the dose 
which they received. The modal doses actually given 
(taken from the 12-week follow-up form) were 
arranged in sequence with the object of comparing 
survival rates for the one-third receiving the lowest 


TABLE H 
SIGNIFICANCE TESTS ON WHOLE CURVES (B) AND (C) IN Fics. 1, 2 AND 3; THEN COMBINED 






































poeseos - 3 ee ON 
i | 5F/wk 3F/wk P 
~ - — (1 deg. of 
Site Expected Observed Expected Observed X? freedom) 
| Deaths 
Cords mobile 28.960 30 31.039 30 0.072 0.4 
Other | 127.112 126 108.887 110 0.021 | >05 
Lowe. ctm lc EREA cee — M eee Perron omer eg Aen ee in SEMPER ER 
| Recurrences — | 
Cords mobile 17.649 11 18.351 25 4.914 0.026 
| Other 84,969 79 69.030 78 0.936 0.33 
i | PEE eM ea S E 
Combined | 102.618 90 87.381 100 3.39 0.065 
M E OS t here. rcnt MOLAR eee eT) ate te ea ee a —— 
Laryngecto- | | 
mies | 
Cords mobile | 20.133 13 20.867 28 4.965 0.024 
| Other | 54,826 1 §3 45.173 47 0.135 | > O80 | 
i Combined | 74.959 66 66.040 75 2.28 0.13 











' and “other” are taken from Figs, 1, 2 and 3, panels (b) and (c) respectively. 


‘To make an overall comparison between the two treatment régimes taking into account the very different prognosis of 
"cords mobile" and "other" patients, the results for recurrences and laryngectomies are then combined in this table. The 
resulting comparison is thus more refined than that shown in panels (a) of Figs. 2 and 3 and leads to higher values of X? and 
consequently lower values of P, but the combined differences are still not significant and there is no change in the con- 
clusions. No such combined group is presented for deaths because the difference is obviously not significant. 
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TABLE IH 
REACTONS IN NORMAL TISSUES UP TO 12 WEEKS AFTER START OF TREATMENT 






































F uw "e 

Presence or absence not | 

Present Absent recorded | 

ee 

All centres 3F/wk 5F/wk 3F/wk 5F/wk 3F/wk 5F/wk | 

Patients analysed 331 356 331 356 331 356 | 

Marked mucous membrane | 

reaction (fibrinous reaction or 

ulceration) | 

At any time 212 254 50 55 69 47 | 

Longer than 4 weeks 48 70 213 215 70 71 | 

Oedema | 

At any time 127 149 105 118 99 89 | 

L Longer than 4 weeks 47 66 215 237 69 53 | 

Dysphagia | 
Atany time 205 226 65 69 61 61 

Longer than 4 weeks 73 95 194 192 64 69 | 

Assuming that “not recorded" means "absent" and analysing data for longer than 4 weeks, we obtain: 
3F/wk SEF/wk x? P 

Marked mucous membrane reaction 48 (15%) 70 (2095) 3.06 0.075 NS i 

Oedema 47 (14%) 66 (18%) 2.02 0.15. NS i 
Dysphagia 73 (22%) 95 (27°) 1.77 0.18 NS 











TABLE IV 
LaTE REACTIONS IN MUCOUS MEMBRANES 









































Present Absent Not recorded 
All centres (vears) 3F/wk SF/wk 3F/wk SF/wk 3F/wk 5F/wk 
Patients analysed 299 326 299 326 299 326 
Telangiectasia 

À 16 11 260 291 23 24 
1 18 15 222 239 24 22 | 
2 22 13 159 188 25 24 | 
3 20 17 134 141 21 25 | 
4 15 22 99 106 20 17 | 

5 9 17 84 64 11 12 
6 2 10 55 35 12 10 | 
— € — ones —— —— — man ~~ oso a -— e MM MÀ MÁY | 
Atrophy i 4 2 264 289 31 35 | 
1 4 3 233 242 27 31 | 
2 4 6 78 194 24 25 — | 

3 3 5 151 152 21 26 

4 3 5 112 122 19 18 

5 5 4 86 76 13 13 
6 1 3 56 42 12 10 | 
Oedema (any site)" 
110 129 173 182 16 15 i 
1 71 68 177 197 16 11 | 

2 33 37 150 174 23 14 
3 25 19 134 148 16 16 | 
4 13 f 11 108 127 13 7 | 

5 8 4 89 84 7 5 

6 4 3 57 47 8 5 

LL. 























*80 to 95%; of oedema was in the treated volume. 
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TABLE V 
LATE REACTIONS IN SKIN 















































{ 
| Present Absent Not recorded 
| =” ae 5 
| AH centres (years) 3F/wk SF/wk 3F/wk 21 SF /wk 3F /wk SF/wk 
| Patients analysed i 299 326 299 326 299 326 
| eee eet ee E oe EAN EATA Screener ens EARNS CES ZB] NO Se ASR Rey A E Bass AREENAN ZIA REDE 
| Telangiectasia 
i i 2 3 281 306 16 17 
| 1 2 2 251 259 E 15 
| 2 2 1 189 210 15 14 
| 3 3 3 161 167 11 13 
i 4 2 0 120 133 12 12 
| 5 1 0 100 87 3 6 
] 6 0 1 64 50 5 4 
Subcutaneous fibrosis 
i 3 10 306 266 23 31 
| i 2 13 259 234 17 26 
| 2 1 12 210 178 16 16 
| 3 3 8 167 154 13 16 
| 4 0 9 133 113 12 13 
| 3 0 4 87 97 3 8 
6 1 4 50 59 6 5 
Atrophy À 1 4 274 290 24 32 
1 1 2 246 248 17 26 
2 1 4 188 203 17 18 
3 1 4 160 164 14 15 
4 1 2 121 130 12 13 
5 0 1 101 84 3 8 
6 0 2 64 48 5 5 
Dyspigmentation 
4 16 24 260 270 23 32 
1 6 15 241 236 17 25 
2 9 9 180 199 17 17 
3 7 5 155 163 13 15 
+ 4 2 118 130 12 13 
5 4 ] 97 84 3 8 
| 6 0 2 63 48 6 5 











doses with those in the third receiving the highest 
doses. 


3Fjweek (61 pts) 5F|week (66 pts) 
Low doses 4947-5100 rad 5400-5984 rad 
(10 pts) (6 pts) 
Medium doses 5130-5250 rad — 6000 rad 
(48 pts) (56 pts) 
High doses 5300-5370 rad — 6012-6120 rad 
(3 pts) (4 pts) 


There was not a sufficient spread in the doses to 
justify this attempt and no significant difference in 
average survival time was seen between the low and 
high dose groups: it is of course, satisfactory that 
the distribution of modal doses delivered was 
narrow, 

Discussion 

The normal tissue reactions show only small 

differences none of which are significant. The sug- 





gestion has to be considered, however, whether the 
doses used for the 3F/week schedules had a lower 
biological effectiveness than those used for 5F/ 
week, but there is no significant evidence for this, 
even for the early reactions in Table III. Changes in 
normal tissue reactions would, of course, be harder 
to detect than changes in local control of tumour if 
the normal tissue response was on the "toe" of a 
sigmoid dose-response curve while the tumour re- 
sponse was on the steeper middle part. 

The differences in local control were small, and 
applied only to those patients who were in the "cords 
mobile" group. For these patients (40% of all the 
patients) the recurrence-free rates were 91°, and 
79% respectively at six years. We cannot estimate 
accurately what change in radiation dose would 
cause such an alteration in local control, because the 
five published dose response curves for local control 
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TABLE VI 
OTHER LATE REACTIONS 





























| I | 
] Present Absent Not recorded 
All centres (years) 3F/wk 5F/wk 3F/wk | 5F/wk 3F/wk 5F/wk 
Patients analysed 299 326 | 299 326 299 326 
| Pain i | 23 18 264 293 12 15 
| 1 13 9 241 260 10 7 
2 4 7 191 210 E 8 | 
3 4 4 163 | — 167 8 12 | 
4 | 2 3 121 136 1 6 
5 0 1 101 87 3 5 
6 0 2 66 49 3 4 
Dysphagia à 19 32 266 283 14 1 
| 1 | 13 20 240 247 11 9 | 
2 8 10 189 205 9 1 | 
3 4 6 162 166 9 11 
4 2 4 124 135 8 6 
5 2 0 99 88 3 5 
6 1 1 65 50 3 4 
Probable myelitis i 
1 0 0 | 286 31 13 15 
1 1 1 254 265 9 10 
2 0 1 196 216 10 8 
3 0 0 167 172 8 11 
4 0 0 126 139 8 6 
5 0 0 101 88 3 5 
6 0 0 66 51 3 4 
Perichondritis 
H 4 8 278 299 17 19 
1 3 5 244 252 17 19 
2 0 2 183 205 23 18 
3 0 2 151 159 24 22 
4 0 1 117 128 17 16 
5 0 1 92 81 12 11 
6 0 | 1 59 45 10 9 
ld e —————M—————————————á 




















TABLE VII 
NECROSIS 


(a) Necrotic ulceration in normal tissue, confirmed on re- 

examination to have occurred in the absence of viable 

tumour tissue, and hence attributable to a total dose of 
radiation which exceeded normal tissue tolerance 








(b) Necrosis reported initially, but viable tumour tissue 
identified subsequently 





























— 
6 months 2 mucous | mucous 
Time of membrane membrane 
| appearance 3F/wk 5F/wk 1 cartilage 1 cartilage 
a a — —— 1 year 2 mucous 2 mucous 
6 months 2 mucous 1 mucous membrane membrane 
membrane membrane 1 skin & mucous 
1 year 1 mucous 0 membrane 
membrane 2 years 1 skin 0 
2-6 years 0 0 3—6 years 0 0 
— —— - MIN = RÀ H " 2s] ——— a ere À—À— MM )À—— —À]À" iaa 
Totals 3 1 Totals 6 5 | 
of human tumours differ considerably (Shukovsky, published tumour response curve rises to 9194. 


1970; Moench and Phillips, 1972; Shukovsky, 1974; 
Morrison, 1975; Stewart and Jackson, 1975). We 
can, therefore, only make rough estimates, and even 
these are made more uncertain by the fact that no 





Nevertheless, from the steepest curve (Stewart anc 
Jackson, 1975) we can estimate that a change of 1295 
in local control is associated with only 3% alteration 
in dose. From the shallowest curve (Morrison, 1975) 
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an alteration of 10%% in dose appears to be required 
for this change in local control. The 3F/week doses 
used in this trial appear therefore to have been 
effectively 3 to 10% lower in biologically equivalent 
effect than the 5F/week doses, but this can be seen 
only in the patients in the “cord mobile" group, i.e. 
the early cases with a good prognosis. There was no 
identifiable difference in the effectiveness of the two 
fractionation schedules on tumours in the other sites. 
In no group or sub-group was the survival rate differ- 
ent for the two fractionation régimes. 

Up to six years after treatment only 13 extra 
patients in the 3F/week group had had a local recur- 
rence, which represents 2°, of all the patients 
analysed but 995 of those with disease in the cords 
only. It seems possible that even these recurrences 
might have been prevented by a suitable small 
adjustment in the tumour dose for the early cases. 
Even if this adjustment is not made, this trial appears 
to justify the treatment of the advanced cancer 
patients on a 3F/week basis with the practical advan- 
tages that this offers to the individual patient. 





CONCLUSIONS 

When this trial was launched, in 1963, there were 
no precise data on which to base the dose to be used 
in each centre for the new fractionation régime as an 
alternative to the dose used in their established 
fractionation régime. An inspired guess had to be 
made, and now, 14 years later, it appears that any 
imbalance that may have been created thereby is 
small but may account for the differences which have 
been identified amongst the group of patients with 
the best prognosis. 

These interim data are presented in sufficient 
detail for readers to draw their own conclusions, but 
the Working Party consider that, at the present time, 
the indications are that the treatment with 3F/week 
can be given safely, with all the advantages that this 
method has for the patient, to those with advanced 
disease. It remains an open question whether the 
differences noted between the patients with cancer 
confined to the vocal cords who were treated with 
3F week and those treated with 5F/week are due to 
the biological effectiveness of the dose level which 
was chosen for 3F/week having been lower than 
that chosen for SF/week, or whether, indeed, there 
are other as vet unidentified factors which give rise 
to a better therapeutic ratio when treatment is given 
with SF/week. The patients treated in this trial 
continue to be followed up and a more definite 
judgement may become possible when more data 
are available in subsequent years. 
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ABSTRACT 

When five patients with varying degrees of hepatic im- 
paiement and a 'T-tube in situ were given intravenous 
ioglycamide at a rate of 2 mg/kg/min for two hours the mean 
biliary excretion in the first two hours was only 3.2*; of the 
administered dose. In contrast, in five 'T-tube patients with 
relatively normal liver function the mean biliary excretion 
over the same time interval was 20.6?,. The mean plasma 
concentration of ioglycamide achieved at the end of a two- 
hour intravenous infusion at 2 mg/kg/min was 1427 -+- 187 
pg/ml in six anicteric patients and 1262 +-82 in six jaundiced 
patients. Despite these very similar plasma levels the 24- 
hour urinary excretion of ioglycamide was 42.3 43.8", of 
the administered dose in the patients with jaundice com- 
pared with only 18.1 -2.4?, in the anicteric group. These 
differences probably reflect the fact that the percentage of 
unbound contrast agent in the plasma of the jaundiced group 


(11.9--1.9?5) was significantly higher than that of the 


anicteric group (6.4 +-0.9%,). It is suggested that bilirubin 
and possibly other substances in the plasma are competing 
with ioglycamide for binding sites on albumin. These factors 
need to be borne in mind when performing intravenous 
cholangiograms on jaundiced patients. 


The results of intravenous cholangiography in pa- 
tients with impaired liver function tend to be poor. 
Recently there have been a number of studies in 
jaundiced patients reporting better results when a 
prolonged drip infusion technique was employed 
(Hoenig et al., 1970; Martinez et al., 1971; Voegeli, 
1973; Pringot et al., 1973; Fuchs and Preisig, 1975). 
Burgener and colleagues have the studied biliary and 
urinary excretion of iodipamide in normal and sub- 
sequently liver damaged dogs (Burgener and Fischer, 
1975) and also in dogs with different degrees of 
common bile duct obstruction (Burgener et al., 
1975), but similar studies have not been carried out 
in man. 

Using post-operative patients with a T-tube zn 
situ we have compared the biliary excretion of iogly- 
camide achieved in five jaundiced subjects with that 
found in five anicteric subjects. We have also mea- 





*This work had received the approval of the St. Bar- 
tholomew's Hospital Ethical Committee and the informed 
consent of the patients was obtained before the investiga- 
tions were performed. 

+Present address. University of Nottingham, City Hospital, 
Nottingham. 

IResearch carried out while holder of the Mackenzie 
Mackinnon Streatfield Research Fellowship. 


sured the renal excretion and plasma binding of 
ioglycamide in six normal and six jaundiced patients. 
This paper reports our findings. 


MATERIALS AND METHODS 

Studies of biliary ioglycamide concentration and se- 
cretion rates in patients with a biliary T-tube in situ 
Anicteric patients—T-tube studies-—Group A. Five 
patients who had undergone cholecystectomy and 
exploration of the common bile duct with insertion 
of a T-tube were studied. There were four female 
and one male patient in this group; the mean age was 
58 years (range 43—76 years) and mean weight 63.4 
kg (range 60-65 kg). All five patients had a T-tube 
cholangiogram performed on the seventh or eighth 
post-operative day. The T-tube was then clamped 
off for at least 48 hours before performing the ex- 
periment. At the time of study all patients had 
normal serum bilirubin level-mean 11.4 mmol/l 
(range 7-16 mmol/l). One of the patients (L.R.) had 
an elevated alkaline phosphatase level of 295 i.u./1 
(laboratory normal range 25-100 i.u./l while the 
alkaline phosphatase level of the other four patients 
was within normal limits. At the start of the ex- 
periment the patient was placed in a comfortable 
recumbent position, the T-tube was unclamped and 
bile collected by gravity drainage. Two baseline ten- 
minute collections of bile were taken before starting 
the intravenous infusion of ioglycamide. loglv- 
camide (Biligram, Schering Chemicals Ltd.) was 
then infused at a rate of 2 mg/kg/min for two hours 
using an Ivac 531 (Ivac Corporation, Middlesex, 
Harrow) infusion pump. Bile samples were collected 
every ten minutes throughout the two-hour logly- 
camide infusion and stored at —20^C. The concen- 
trations of ioglycamide in the T-tube bile was later 
analysed using a spectrophotometric method (Bell 
et al, 1978). The amount of ioglycamide ex- 
creted into bile over the two-hour period of infusion 
was calculated by multiplying the concentration of 
contrast agent in each bile sample by its volume and 
adding the results of the 12 ten-minute sample 
together. 
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TABLE I 


CLINICAL DETAILS OF FIVE JAUNDICED PATIENTS WITH A 'l'-TUBE IN SITU 


























Serum Bilirubin Alk. Phos. 
Age (2-17. pmol/l) (25-100 i.u./l) Diagnosis 
59 27 348 Sclerosing cholangitis 
45 46 i 212 Intrahepatic 
cholestatic jaundice 

63 74 230 Ca C.B.D. 

68 116 226 Ca C.B.D. 

60 30 120 | Choledocholithiasis 

i 
TABLE H 


CLINICAL DETAILS OF SIX ANICTERIC PATIENTS USED IN THE IOGLYCAMIDE PLASMA BINDING AND 
RENAL EXCRETION STUDIES 























pn Sex Age Weight Serum Bilirubin Alk. Phos. Diagnosis 

JS Md MERE "ul HM SUR ME - - Aux ioc S | 
i C.B. M 59 58 5 98 | Ulcerative colitis, abdominal pain 

| GG. M 43 73 5 55 Abdominal pain, cholecystectomy, 
| collagen disorder 

| A.M. M 43 87 1 1 56 Ulcerative colitis, abdominal pain 

| JP. M 49 62 6 100 Depression, abdominal pain, 

i hiatus hernia 

i LB. M 65 73 10 33 Hiatus hernia, bile 

| SP. M 65 73 3 72 Hypertension, abdominal pain, 

| D.V.T. 

1 











Jaundiced patients —T-tube studies—-Group B. This 
group consisted of three female and two male pat- 
ients. Their ages, weights, liver function tests and 
clinical details are given in Table I. The T-tubes of 
E. H., M. S. and A. T. were clamped off for at least 
48 hours before the ioglycamide infusion study and 
again the experiments were performed on the tenth 
or 11th post-operative day. P.H. and D.R. were both 
found to have inoperable carcinomas of the common 
bile duct. After insertion of the T-tube to relieve the 
obstructive jaundice the patients were left with 
either a complete (P.H.) of partial (D.R.) biliary 
fistula. P.H. was studied on the 13th post-operative 
day when his serum bilirubin had fallen from pre- 
operative levels of 400 mol/l down to 116 pmol/l 
(normal range 2-7 umol/l). D.R. was studied on the 
tenth post-operative day when the serum bilirubin 
had fallen from a pre-operative level of 306 pmol/l 
to 74 «mol/l. Like P.H., the T-tube of D.R. was not 
clamped off prior to the study. 


Studies of plasma binding and renal excretion of 
ioglycamide in normal and jaundiced patients 

Non-icteric patients—Group C. Six patients, all male, 
were studied. "Their ages, weights, liver function 
tests and clinical details at the time of study are 
given in Table IL. Potassium iodide (60 mg) was 





given to the patient on the night prior to the study to 
block thyroid uptake of iodine. The ioglycamide 
(two ampoules of 35% Biligram in 500 ml of normal 
saline) was labelled with 30 aCi 12351 ioglycamide and 
infused at a rate of 2 mg/kg body weight/min for two 
hours. 

At the end of the two-hour infusion 10 ml of 
blood was taken into lithium heparin tubes. The 
blood samples were spun and the plasma removed. 
The plasma binding studies were usually carried out 
on the same day as the ioglycamide infusion. Where 
this was not possible the plasma samples were stored 
at 4°C and measured the following day. The total 
plasma concentration of ioglycamide achieved at the 
end of the two-hour infusion of contrast agent was 
estimated by measuring the radioactivity of 1 ml of 
the plasma in an ICN gamma set 500 and comparing 
it with that of 1 ml of the labelled stock ioglycamide 
solution. 


Plasma binding studies 

These studies were carried out using Perspex 
dialysis cells made by Mr. Roy Croxton in the 
Department of Pharmacology of St. Bartholomew's 
Hospital Medical School. 

An aliquot of the patient's plasma (==1.3 ml) was 
dialvsed against an equal volume of normal saline 


252 


APRIL 1978 


loglycamide (Biligram) studies in man 


TABLE IH 


CLINICAL DETAILS OF SIX JAUNDICED PATIENTS USED IN THE IOGLYCAMIDE PLASMA BINDING AND i 
RENAL EXCRETION STUDIES 















































pe Sex Age W eight | Serum Bilirubin Alk. Phos. Diagnosis | 
H.B. M 63 70 199 Choledocholithiasis 
| N.S. F 54 72 1 i 231 Infective hepatitis with 
' intrahepatic cholestasis | 
| SH. M 57 76 57 143 CCF, gout, gallstones | 
P.H. M 68 78 400 238 Ca. common bile duct | 
A.D M 48 100 340 305 Choledocholithiasis | 
T.B M 52 56 72 184 Alcoholic cirrhosis, chronic | 
| | | pancreatitis | 
- i 
TABLE IV 
Mean (+ SEM) BILIARY IOGLYCAMIDE CONCENTRATIONS (MG/ML) IN FIVE ANICTERIC (GROUP A) AND FIVE 
JAUNDICED (Group B) PATIENTS INFUSED AT 2 MG/KG/MIN FOR TWO HOURS 
| | 
Patient Time in minutes from start of ioglycamide infusion 
pee ' 7 ——1 
0-10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-70 | 70- 80 80-90 | 90-100 | 100-110 | 110-120 
Group A 0 6.7 12. 3 15.7 17.8 19.4 20.8 21.2 23.5 23.7 23.8 23.8 
ted 22 | 28 | 2s | 24 | 221 25] 30] 26 2.2 2.2 
Group B 0 0.6 14 2.8 3.3 3.6 3.9 4.7 4.9 6.2 5.7 5.8 
0.3 0.7 1.3 14 1.5 1.6 1.8 1.8 24 1.8 L7 
: i m 

















separated by a single thickness of Visking dialysis 
membrane (Scientific Supplies) which had pre- 
viously been soaked in normal saline for about half 
an hour. The loaded cells were placed on a rotater 
(at==20 revolutions per minute) in a humid oven at 
37°C for 18 hours. It had previously been est- 
ablished that optimum time for dialysis by this 
method ranges between 13 and 20 hours. 'T'he radio- 
activity in 1 ml of the dialysis fluid was measured in 
the ICN gamma set and compared with that of 1 ml 
of the patient's whole undialysed plasma. The ratio 
of radioactivity in the dialysis fluid to the whole 
plasma multiplied by 100 gave the percentage of 
unbound or free ioglycamide in the plasma. All 
plasma binding studies were the mean of at least two 
and in some cases as many as five separate deter- 
minations. 


Urinary excretion studies 

The patient was asked to empty his/her bladder 
before the start of the ioglycamide infusion. The pa- 
tients were encouraged to keep up a good fluid intake 
and all the urine collected over the first four hours 
was collected into one container, while all the urine 
passed in the next 20 hours was collected into a 
second container. The volume of urine passed in the 
two timed intervals was measured. 'The amount and 











concentration of ioglycamide excreted into the urine 
was calculated by comparing the radioactivity of the 
urine with that of the labelled stock solution. 


Jaundiced patients—plasma binding and urinary ex- 
cretion studies—Group D. Six patients, five male and 
one female, werestudied. Ages, weights, liver function 
tests plus relevant clinical details are given in Table 
HI. Ioglycamide labelled with 20 Ci of 1?5I iogly- 
camide was infused at a rate of 2 mg/kg/min for two 
hours and a blood sample taken at the end of the 
infusion. Total plasma concentration and the per- 
centage of free or unbound ioglycamide was est- 
imated using the method described above. 

"Theamountofioglycamide excreted in the patient's 
urine over the first four hours and the ensuing 20 
hours was also measured as described above. 


RESULTS 

Studies of biliary ioglycamide concentration and secre- 
tion in patients with a T-tube in situ 

Anicteric patients-——T-tube studies—Group A. The 
mean biliary ioglycamide concentration of the five 
patients studied is shown in Table IV. The contrast 
medium started to appear in bile in the second ten- 
minute period after starting the intravenous infusion 
of ioglycamide. The concentrations then rose rapidly 
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over the next four ten-minute collection periods interval. The mean biliary excretion of ioglycamide 
before reaching a plateau. The ioglycamide levels in over the two hours of the infusion (expressed as a 
the last four samples (e. between 90 and 120 min- percentage of the administered dose) was 20.6. 
utes) were very similar. The lowest biliary concen- — 3.294. 

trations were seen in L.R., the only patient with a 

raised alkaline phosphatase level. Table V shows the — Taundiced patients—T-tube studies—Group B. The 
mean number of mg of ioglycamide administered mean biliary ioglycamide concentrations of the five 
intravenously to the patients over the two hours, patients studied is shown in Table IV. The concen- 
plus the mean number of mg of the contrast agent — trationsare, not surprisingly, much lower than those of 
excreted into the patients’ bile over the same time the anicteric group. However, like these patients, 


TABLE V 
TOTAL DOSE OF IOGLYCAMIDE (MEAN + SEM) GIVEN TO THE FIVE ANICTERIC PATIENTS (GROUP A) AND FIVE JAUNDICED 


(Group B) PATIENTS, THE PERCENTAGE OF THE ADMINISTERED DOSE EXCRETED INTO BILE OVER TWO HOURS IS ALSO SHOWN 








m - — = T Š 


| 
Total dose given | Mg excreted into | 





























| Patient | i.v. (mg) bile in two hours ?$ excretion 
| Ges 1 B — 15,216.223 Ud 3,154 +504 206132 | 
Giese — - | | 58.8 6.4 14,112.1,528 | 
TOTAL PLASMA IOGLYCAMIDE PLASMA IOGLYCAMIDE 24 hr Urinary Excretion 
% unbound of loglycamide 
2100 
1800 
1500 
1200 
800 
600 
300 
0 
CONTROLS JAUNDICED CONTROLS JAUNDICED CONTROLS JAUNDICED 
PATIENTS PATIENTS PATIENTS 
Fic. 1. 


Six anicteric (Group C) and six jaundiced (Group D) patients received intravenous ioglycamide at a rate of 2 mg/kg/min for 

120 minutes. The total plasma concentration of the contrast agent achieved at the end of two hours is shown in the left 

hand diagram. The percentage of the plasma ioglycamide in the unbound form is shown in the centre figure, while the 
percentage of the administered dose excreted by the kidneys over 24 hours is shown in the right hand diagram. 
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the biliary concentration appeared to level off be- 
tween 90 and 120 minutes. In all cases the concen- 
tration of iodine achieved in the bile was well below 
the 195 (2:20 mg ioglycamide/ml bile) required for 
satisfactory opacification of the bile duct (Edholm 
and Jacobson, 1959). 'The lowest biliary concentra- 
tion of ioglycamide was seen in the patient with the 
highest serum bilirubin (P.H.). 

Table V shows the mean number of mg of iogly- 
camide administered intravenously to each patient 
over the two-hour infusion period plus the mean 
number of mg of contrast agent excreted into the 
patients’ bile over the same time interval. The mean 
biliary excretion of ioglycamide over the two hours 
of the infusion (expressed as a percentage of the 
administered dose) was 3.2 4- 1.79. 


Studies of plasma binding and renal excretion of iogly- 
camide in normal and jaundiced patients 

Non-icteric patients—Group C. The mean total iogly- 
camide concentration achieved in the plasma at the 
end of the two-hour infusion of contrast agent was 
1427 4-187 ug/ml. The mean percentage of unbound 
ioglycamide in this group was 6.4--0.9?,. The 
urinary excretion of ioglycamide (expressed as a 
percentage of the administered dose) was 10.9-- 
1.695 in the first four hours and 18.1 4-2.4% in 24 
hours. The total number of mg of ioglycamide 
passed in the urine over the first four hours and in 
the complete 24 hour period were 1825-275 and 
2498 --394 mg respectively. 


Jaundiced patients—Group D. 'The mean total iogly- 
camide concentration achieved in the plasma at the 
end of the two-hour infusion of contrast agent was 
1262--84 ug/ml. These levels were not significantly 
different from those in Group C (see Fig. 1). The 
mean percentage of free or unbound ioglycamide in 
Group D was 11.8+-1.9%. This was significantly 
higher (p< 0.05 using Wilcoxon's sum of ranks test) 
than that found in Group C (see Fig. 1). The serum 
albumin in the Group D patients was 31.2+-1.3 g/l 
which was not significantly lower than that of Group 
C (34.02-0.8 g/l). The urinary excretion of iogly- 
camide (expressed as a percentage of the adminis- 
tered dose) was 16.4-+:2.6°%, in the first four hours 
and 42.3 2-3.894 in 24 hours (see Fig. 1). The total 
number of mg of ioglycamide passed in the urine 
over the first four hours and over the complete 
24-hour period was 2858--447 and 7720-897 mg 
respectively. The total and the percentage urinary 
excretion of ioglycamide in Group D were both 
significantly higher (p< 0.01 using Wilcoxon's sum 
of ranks test) than those in Group C (see Fig. 1). 


Discussion 

The structure of ioglycamide is very like that of the 
other commonly employed cholangiographic agent, 
iodipamide. The renal and hepatic handling of these 
two compounds is probably very similar (Sperber 
and Sperber, 1971). Following intravenous adminis- 
tration the contrast agents are reversibly bound to 
albumin (Lasser et al., 1962; Lang and Lasser, 1967). 
The evidence for iodipamide suggests that only the 
protein-bound fraction in the blood is taken up by 
the hepatocyte to be actively excreted into the bile, 
whereas the unbound portion is available for glo- 
merular filtration (Leupold and Heuck, 1957). 

We found a significant increase in the percentage 
of ioglycamide in the free (unbound) form in Group 
D patients. This probably reflects competition by 
other substances for albumin binding sites. Bilirubin * 
can certainly displace phenytoin from its binding 
sites on human albumin (Coutinho eft a£, 1973; 
Odell, 1973; Rane et al., 1971), as can free fatty 
acids (Spector and Santor, 1973; Fredholm et al, 
1975). Both these substances are known to be ele- 
vated in patients with hepatic dysfunction and may 
reduce the number of albumin binding sites avail- 
able to ioglycamide. 

In the kidney, the excretion of biliary contrast 
agents is predominantly by glomerular filtration with 
urinary excretion being directly proportional to 
plasma concentration (Fischer, 1965; Loeb ef al, 
1975). It is, however, only the small proportion of 
the plasma ioglycamide present in the unbound form 
which is available for glomerular filtration (Leupold 
and Heuck, 1957). The plasma half-hfe of biliary 
contrast agents are prolonged in the presence of 
impaired hepatic function (Burgener and Fischer, 
1975). This factor plus diminished plasma binding 
(see above) probably explains the enhanced renal 
elimination of ioglycamide noted in Group D pat- 
ients. It also, incidentally, helps to explain why the 
renal tract is so frequently visualized radiologically 
when a jaundiced patient undergoes intravenous 
cholangiography. 

Previous experimental work in animals has shown 
that the hepatic excretion of both iodipamide and 
ioglycamide are subject to a transport maximum 
(Tm) )Miller et al., 1969; Hoenig and Preisig, 1973; 
Burgener et aL, 1970; Whitney and Bell, 1976). 
Most organic anions which are excreted in the bile 
probably share the same active secretion mechanism 
(Sperber and Sperber, 1971). Among the many 
compounds handled by this mechanism are chol- 
ecystographic agents, bromsulphthalein (BSP), bili- 
rubin, porphyrins and the glucuronide esters of 
various substances (Sperber and Sperber, 1971). 
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"Thus in the jaundiced patient the concentration of 
many of these substances may be considerably ele- 
vated and hence compete with ioglycamide for biliary 
excretion. 

With these factors mitigating against the success- 
ful transfer of biliary contrast agents from plasma to 
bile it is not surprising that cholangiography is often 
unsuccessful in jaundiced patients. In none of our 
five patients in Group B was the concentration of 
ioglycamide, and thus iodine, in the T-tube bile 
sufficient for radiological opacification (Edholm and 
Jacobson, 1959). Recently, prolonged drip infusion 
cholangiography has been used in an attempt to 
overcome these problems (Fuchs and Preisig, 1975). 
The hope is that when there is a sustained high 
plasma concentration of ioglycamide, molecules of 
the contrast agent, rather than those of any com- 
peting substance will be excreted by the liver. In our 
Groups À and B patients the biliary concentration of 
ioglycamide appeared to plateau by two hours and it 
is doubtful if further prolongation of the infusion 
time would have resulted in sufficient enhancement 
in the levels of contrast agent to make the patients' 
bile ducts visible radiologically. Certainly experi- 
mental work in dogs with either partially obstructed 
common bile ducts (Burgener et al., 1975) or paren- 
chymal liver damage (Burgener and Fischer, 1975) 
failed to show any advantage in prolonged infusion. 

On the basis of our results we conclude that 
further advances in intravenous cholangiography in 
the jaundiced patient are more likely to come from 
the introduction of new and more competitive con- 
trast agents than from modifications of infusion 
technique. 
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ABSTRACT 

One hundred and eighteen patients with dyspepsia after 
peptic ulcer surgery were assessed by a double contrast 
barium meal and fibre-optic endoscopy, for the possibility of 
recurrent ulceration. There was overall endoscopic-radiologi- 
cal agreement in 89?5. It is concluded that the two tech- 
niques are complementary and that a double contrast barium 
meal performed and interpreted by an experienced radiolo- 
gist can demonstrate the presence or absence of a recurrent 
peptic ulcer with an acceptable degree of accuracy. 


The recurrence of dyspeptic symptoms after peptic 
ulcer surgery is a disappointment for both patient 
and doctor. The key to effective management in this 
situation is to establish whether a recurrent ulcer is 
the explanation for the patient’s complaints and 
clinical assessment can do no more than suggest this 
possibility. 

The conventional barium meal is notoriously 
inaccurate in the post-operative situation (Schulman, 
1971) and fibre-optic endoscopy has justifiably come 
to be regarded as the investigation of choice for this 
purpose (Cotton et al., 1973). 

However, comparative endoscopic-radiological 
studies have shown that when a double contrast 
method is employed for the barium meal, a high 
degree of diagnostic accuracy can be achieved in the 
un-operated stomach (Salter, 1975; Rogers et al., 
1976; Herlinger et al., 1977). The aim of this in- 
vestigation was to assess the diagnostic value of the 
double contrast method in the post-operative situa- 
tion. 


PATIENTS AND METHODS 

This prospective study was commenced in June 
1973. All symptomatic patients after previous peptic 
ulcer surgery referred to a combined gastro- 
enterology clinic (Salter e? al., 1975) were included, 
and after a thorough clinical assessment a double 
contrast barium meal was performed. The patient 
was then submitted to endoscopy of the upper gastro- 
intestinal tract within four weeks of the barium meal 
examination. 

The double contrast barium examinations were all 
performed by experienced consultant radiologists. 
The method, which has been described elsewhere 


(Scott-Harden, 1973), is that used in this hospital in 
routine investigation of the upper gastrointestinal 
tract with an important modification designed to 
overcome the particular problem of the rapid escape 
of the distending gas through a stoma or a freely 
open pylorus after pyloroplasty. This was achieved 
by encouraging the patient to sip through a straw an 
effervescent drink of high gas content during the 
whole period of the examination. 

All the endoscopies were performed by a consult- 
ant physician (R.H.S.) who was aware of the barium 
meal result. The relevant films were also reviewed 
with a radiologist before each endoscopic examina- 
tion and a definitive statement recorded as to whether 
or not an ulcer was demonstrated radiologically. The 
endoscopies were performed using an endviewing 
Olympus gastrointestinal fibrescope and no pre- 
medication or pharyngeal anaesthesia was employed. 
Each patient was given an intravenous injection of 
40 mgms of hyoscine-N-butylbromide and the 
minimum of intravenous diazepam sufficient to 
allay excessive apprehension (rarely more than 
10 mgms) at the start of the examination. 

The total number of patients included in this 
series was 118 (86 male ~ 32 female). The age range 
was 17 to 71 vears with the average being 49 years. 
The original pre-operative diagnoses were-—duo- 
denal ulcer 93 patients, gastric ulcer 15 patients, 
combined duodenal and gastric ulceration four 
patients and pre-pyloric ulceration six patients. The 
previous operative procedures included gastro- 
enterostomy, truncal vagotomy and gastroentero- 
stomy or pyloroplasty, vagotomy and antrectomy 
and Billroth I or Polya gastrectomy. 


RESULTS 

The detailed results of the comparative radio- 
logical and endoscopic findings in the various post- 
operative situations are summarized in Tables I and 
IH. 

In the series of 118 patients, a definite radiological 
diagnosis of recurrent peptic ulceration (whether 
anastamotic, gastric or recurrent duodenal) was 
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TABLE I 
COMPARISON OF THE INCIDENCE OF RECURRENT ULCER AS 
RATED BY RADIOLOGY AND ENDOSCOPY AFTER 
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TABLE H 
COMPARISON OF THE INCIDENCE OF RECURRENT ULCER AS 





























DEMONSTRATED BY RADIOLOGY AND ENDOSCOPY AFTER 
ANTRECTOMY AND GASTRECTOMY 
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made in 26. Twenty-one of these were confirmed at 
endoscopy and five proved to be endoscopy negative. 
The possibility of a stomal ulcer was reported in four 
patients after Polya gastrectomy and none of these 
were confirmed at endoscopy. 

Of the 88 patients in whom the barium meal was 


2 


a 


negative, 84 were negative endoscopically and an 
ulcer was detected in four. 

There was overall endoscopic-radiological agree- 
ment in 105 of the 118 patients in the series (89% 
and if only those with a definitive radiological 
diagnosis are included (114) the radiological- 
endoscopic correlation was 92°%,. 

The incidence of radiological false positives and 
radiological false negatives was 7.69; and 3.4%, 
respectively, 


Discussion 

Fibre-optic endoscopy of the upper gastrointestinal 
tract has justifiably come to be regarded as the 
investigation of choice in patients with recurrent 
dyspepsia after peptic ulcer surgery. The conven- 
tional barium meal has little to offer in this situation 
(Schulman, 1971; Cotton et aL, 1973) but the 
overall 89% agreement between endoscopy and 
double contrast radiology in this series of post- 
operative patients is not significantly different from 
our experience in the pre-operative situation 
(Salter, 1975). 

Possible explanations for the radiological-endo- 
Scopic discrepancy are: 

1. A lesion demonstrated radiologically may be 
missed at endoscopy. We do not regard endoscopy 
as infallible and problems such as bile reflux, diffi- 
culty in obtaining adequate gastric distension, 
anatomical distortion and patient restlessness may 
contribute to the endoscopist’s difficulties. Unfor- 
tunately we have no check on the endoscopist’s per- 
formance other than the knowledge that all the 
patients in whom a recurrent ulcer was confirmed at 
endoscopy were subsequently submitted to further 
surgery and the presence of an ulcer confirmed at 
laparotomy. Only seven of the endoscopy negative 
patients were submitted to surgery (for gallstones or 
bile vomiting) and in none was an ulcer discovered at 
laparotomy. 

2. An error in the interpretation of the barium 
meal films (observer error). The accurate reporting 
of double contrast barium meal films in the post- 
operative situation requires considerable experience 
and to this end the radiologists have undoubtedly 
found it valuable to attend the endoscopy sessions. 
Errors of interpretation accounted for the majority 
of the radiological-endoscopic discrepancies and the 
radiological interpretation was more accurate to- 
wards the end of the series. 

3. Failure of the radiological technique to estab- 
lish whether or not an ulcer was present. This 
accounted for a minority (8%) of the radiological- 
endoscopic discrepancies and it can be seen that a 
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particularly difficult area was the demonstration or 
otherwise of a stomal ulcer after Polya gastrectomy. 
In conclusion, we feel that the double contrast 
barium meal is a valuable part of the assessment of 
symptomatic patients following peptic ulcer surgery. 
Although this contribution has been concerned with 
the establishment or otherwise of a recurrent ulcer, 
the double contrast technique, which is a quick and 
well-tolerated procedure, also provides useful infor- 
mation as to the presence of an hiatus hernia with or 
without gastro-oesophageal reflux, and a possible 
gastric neoplasm. Facilities for endoscopic examina- 
tion of the upper gastrointestinal tract are now 
available at most district general hospitals, but even 
when this is the case, this technique should be 
regarded as complementary to the double contrast 
barium meal. If the facilities for endoscopy are not 
available or, for various reasons, this technique is 
either contra-indicated or impossible, a double 
contrast barium meal performed and interpreted by 
an experienced radiologist can predict the presence 


or absence of a recurrent peptic ulcer with an 
acceptable degree of accuracy. 
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Book review 


Radiological atlas of common diseases of the small bowel. By 
J. L. Sellink. pp. 392, 1976 (The Netherlands; H. E. 
Stenfert Kroese B. V. Leiden), DA. 168. 

In 1969 Professor J. R. Von Ronnen, head of the Depart- 
ment of Radiology at the Leiden University Hospital, 
asked one of his younger colleagues, Dr. J. L. Sellink, to 
determine whether it was possible to improve the dis- 
appointing results then being obtained by conventional 
barium examinations of the small bowel. During the next 
few vears Dr. Sellink concentrated on improving the tech- 
nique of examination of the small intestine following 
duodenal intubation. The initial results were published in a 
book in 1971, Since then he has refined his technique and 
acquired a vast experience covering virtually all forms of 
pathology of the small bowel. Many radiologists have 
visited his department in order to study his technique and 
benefit from his teaching and experience. 

The “Radiological Atlas of Common Diseases of the 
Small Bowel" is based on a selection of the radiographs of 
patients examined between 1970 and 1974. The book, 
however, is much more than an atlas and describes many 
conditions which are far from common. 

The first chapters describe the anatomy and physiology of 
the small intestine in some detail. There is then a detailed 


description of the properties of contrast medium and the 
way in which variations can cause alteration in the radio- 
logical appearances. He then gives a historical review of the 
different methods that have been employed over the vears 
for the examination of the small bowel, including the use of 
drugs to alter the rate of transit with an account of their 
uses and limitations. One of the most interesting sections of 
the book is a detailed description of the exact sequence of 
events which should be followed if the small bowel infusion 
is to be successful. The normal appearances and the vari- 
ations are described, as well as some of the misleading 
appearances which may deceive due to faults in technique. 

The main part of the book consists of illustrations and 
descriptions of the appearances seen in a variety of con- 
ditions including inflammatory diseases, tumours, vascular 
disorders, disturbed motility and congenital abnormalities, 
‘The quality of the illustrations is excellent. 

'This is an outstanding book which should be read by all 
radiologists interested in the small bowel. It is obviously the 
work of an enthusiast who by his meticulous work has gone 
a long way towards correlating the radiological appearances 
seen on small bowel examination with the underlying 
pathological conditions. 

l|. W.Laws. 
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ABSTRACT 
lhe importance of the occasional anomalous origin of the 
left gastric artery (LGA) from the aorta in the arteriographic 
evaluation of gastrointestinal haemorrhage is illustrated by 
two cases. The incidence of the anomaly is between 2.5 and 


5.4 and should be considered when the LGA is not 
opacified on a coeliac arteriogram 


Angiography has become a dependable method for 
localization and treatment of gastrointestinal 
haemorrhage (Nusbaum et a/., 1969). Variations in 
the arterial blood supply to the distal oesophagus and 
proximal stomach should be familiar to all angio- 
graphers 

The communication describes two patients in 
whom gastric bleeding was detected bv catheteriza- 
tion of the left gastric artery arising anomalously 
directly from the aorta. 





Case REPORTS 
Case! 

A 55-year-old man with stage IV-B Hodgkin's disease 
was being treated with chemotherapy when he developed 
massive upper gastrointestinal bleeding. A coeliac arterio- 
gram failed to disclose the bleeding site (Fig. 1); however, 
the LGA was not opacified. An abdominal aortogram 
demonstrated that the LGA arose directly from the aorta 
above the coeliac orifice. Selective injection of the LGA 
demonstrated active bleeding which was controlled by vaso- 
pressin infustor 


Case 

\ 32-year-old man presented with massive upper gastro- 
intestinal bleeding which was uncontrolled medically. 
Gastroscopy demonstrated a bleeding gastric ulcer. Since 
the patient refused surgery, arteriography was undertaken 
for possible therapy. The LGA was found to arise directly 
from the aorta (Fig. 2). A small pseudo-aneurysm of a ter- 
tary gastric arterial branch and contrast extravasation were 
demonstrated. The bleeding could not be controlled with 
vasopressin infusion. Because of fear of reflux into the 
sorta, embolization was not attempted. The patient was con- 
vinced surgery would be necessary and it was carried out 
succe ssfulls 


DISCUSSION 
Opacification of the LGA is important in the 
arteriographic evaluation of patients with upper 





gastrointestinal bleeding, since the majority of distal 





FIGURE |. 


*Present address: Department of Radiology, St. Vincent . 
Medical Center, 2131 West Third Street, Los Angeles, (a) A selective coeliac arteriogram fails to demonstrate a 


California 90057 bleeding site, but the LGA is not opacified 
tPresent address: Palo Alto Medical Clinic, Palo Alto, (B) A selective injection of the replaced LGA demonstrates 
California 94301 the site of bleeding in the stomach (arrows) 
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within the 


oesophageal and gastric bleeding sites lic 


distribution of this artery (Athanasoulis, 1976). This 


is usually accomplished quite easily by a cocliac 


arteriogram. There has been only one previous 
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FIGURE 2. 
(4) Injection of the replaced LGA demonstrates a small 


pseudoaneurysm of a tertiary branch (vertical arrow) and 
early contrast extravasation into the gastric lumen. Note 
contrast refluxing into the aorta (horizontal arrows), proving 
separate origin of the artery the he ri 
gastric artery is filled retrogradely 








from aorta 


(n) In the capillary phase there is a frank contrast accumula 
tion in the gastric lumen 


report of angiographic identification of a bleeding 
LGA 


directly from the aorta (Thompson et al., 1975) 


site by selective catheterization of a arising 

Failure to opacify the LGA on a coeliac arterio- 
gram may be caused by: (1) too distal positioning of 
the catheter, (2) occlusion of the LGA at its origin o1 
(3) anomalous origin of the LGA from the aorta. ‘The 
first may be corrected by a more forceful injection 
which fills the coeliac trunk to the aorta. In the 
second instance, the occluded LGA will usually be 
opacified retrogradely from an enlarged right gastric 
artery. Lastly, anomalous origin of the LGA from 
the aorta may be detected by aortography or direct 
catheterization above the coeliac origin, usually 
within one cm. 

The incidence of this anomaly of the LGA is be 
tween 2.5%, (Michels, 1955) and 5.4%, (Sundgren 
1970). In Sundgren’s series, the inferior phrenic 
artery originated from eight of ten anomalous LGAs 
The inferior phrenic artery is the source of bleeding 
from the gastroesophageal junction in an occasional 
patient (Thompson et al., 1975). 

Catheterization of this anomalously arising artery 
is usually quite easy with a commercially available 


cobi a-shaped catheter. 
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\BSTRACT 
shield was developed for use in neurological 
xaminations in projections in which it does not interfere 
with the information sought. Use of this shield in A.P., 
oblique, 30 deg Towne's and 12 deg carotid Towne’s 
projections reduced the corneal dose to approximately 5° 
of the unshielded value. For lateral projections, doses were 
reduced to approximately 5-15%,. Use of the shield resulted 
in corneal doses of the order of 0.5 mrad/mAs and 1.0 
standard and magnified projections re- 
with the exception of the lateral projections for 
which the corresponding values were approximately 0.3 
nrad/mAs and 0.7 mrad/mAs. Corneal dose for a typical 
carotid angiogram was estimated to be reduced from 6.2 rad 
to 0.33 rad by the use of the shield 


An eye 


mrad/mAs for 
spectively, 


Results of radiation dose measurements to the eye 
during neuro-radiological examinations have been 
published by Chin et aL, (1970), Bergstrom et al., 
(1972), Isherwood et al. (1975), Smith et al. (1976). 
l'hese authors have shown that, without any form of 
protection, radiation doses of many rads may be 
the cornea and lens. Whilst doses are 
than 20 rad for the 


received by 


examinations 
investigated, Isherwood et al. (1975) estimated that 


generallv less 


extensive neuro-radiological procedures could lead 


o a cumulative dose of the order of 60 rad. The use 


Xf corneal protection has been recommended by 
most authors, and shields have been described by 
Chin et al. (1970) and Bergstrom et al. (1972) which 
give a reduction of dose to approximately 10%, of 
the unshielded value. 

lhe purpose of this note is to describe a simple 
shield. developed at Royal Perth Hospital which 
reduces corneal doses received from projections 


used in carotid angiography to typically 5% of the 


0 


inshielded value 


‘THe EYE SHIELD 

Che shield consists of a lead moulding, shown 
diagrammatically in Fig. 1, contoured to the “normal 
eye" as determined by shaping the prototype to a 
radiotherapy face mask. It extends from just below 
the supra-orbital ridge to the inferior orbital margin, 
and from the medial canthus to beyond the lateral 
canthus, thus encapsulating the anterior/oblique/ 
lateral aspect of the orbit. A high level of protection 
is thereby atforded, together with ease of positioning. 
l'he thickness varies from 1.5 mm at the edge rising 
sharply to 10 mm at the centre as a result of the 
casting 


sprue, which thus provides a convenient 


7 


LATERAL 





MEDIAL 


ALL MEASUREMENTS IN MILLIMETRES 


Fic. 1. 


Plan and elevation of the eve shield. 





Fic. 2. 


Shield in position on supine patient 
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lifting handle as well as affording additional protec- 
tion directly over the cornea. At the minimum 
thickness of 1.5 mm of lead, the direct transmission 
of 80 kV, 2.8 mm AL HVT X rays is only of the order 
of 0.02% and the transmitted radiation dose is 
consequently effectively negligible in comparison 
with that received at the cornea from internal 
scatter. The shield weighs 35 g and is well tolerated 
due to the weight being distributed over a relatively 
large contact area with correspondingly low pressure. 
No discomfort has yet been reported by the several 
hundred patients on whom it has so far been used. 
The weight is also sufficient to render the shield 
self-retaining whilst the patient is in the supine 
position (Fig. 2), and it is only when the subarachnoid 
structures are of interest, when the head is rotated 
some 45 deg, that the shield requires to be taped in 
position using surgical tape. In this oblique pro- 
jection, the eye closer to the tube cannot of course be 
protected. Similarly, during the A.P. or 12 deg 
fronto-occipital (carotid Towne’s) series, the eye on 
the side under investigation cannot be protected, 
whereas both eyes may be shielded during the 
lateral series. On those occasions when the cervical 
portions of the arteries require to be visualized it is 
customary to protect both eyes. 


MEASUREMENTS 

Measurements were made to determine the ratio 
of the unshielded to shielded corneal dose and the 
magnitude of the latter. The ratio thus determined 
increased with improved shielding efficiency. Three 
series of measurements were made using a phantom, 
patients and cadavers. The phantom consisted of a 
17 cm diameter water-filled polythene bottle on to 
the surface of which a protruberance of bone wax in 
the shape of an orbit was attached. Other measure- 
ments were made on a total of 20 patients but 
difficulties were experienced in the interpretation of 
the results in a number of cases because the orbit had 
not been in the beam. Also, some projections were 
not used in the examinations investigated. The 
patient measurements were consequently supple- 
mented by others on three cadavers under controlled 
conditions in which all projections were used. 

All measurements were made with LiF thermo- 
luminescent dosimeters (TLD) in the form of discs 
12.7 mm diameter by 0.4 mm thick. The TLDs 
were calibrated on a Mix D phantom using a 2.8 mm 
Al HVT X-ray beam, corresponding approximately 
to an 80 kV, 3.2 mm AI total filtration diagnostic 
beam. Read-out was performed on a Teledyne 
Isotopes Model TLD 7300 using nitrogen purging 


TABLE I 
EFFECTIVENESS OF EYE-SHIELD AND CORNEAL DOSES OBTAINED WITH ITS USE 





































































qpoM—M——————Ü NE 
] Shielded corneal dose* | 
Projection Factors Shielding ratio* mrad/mAs | 
kV | mAs/exposure | f.s.d. | Phantom Patient Cadaver Patient Cadaver | 
Seah SENEO EA S GEERT neers ESEESE TEE, EE MEN NE A. 
AP. | | 
Standard | 75 28 80 10.4 2.4 15.4 —1.6 17.9 3.0 0.55 0.08 0.55 20.16 | 
Magnified 80 16 5 9.8 4- 0.9 25.8 -2.4 1.14 20,24. | 
Ia EE ee —— —— in Ea eos saam iate €—————— P ——— PERDRE i 
Lateral i 
Standardt| 68 28 85 3.50.6 | (a) 13.5 2.3 | (a) 20.4 —4.7 | (a) 0.26 — 0.07 | (a) 0.36 = 0,08 
| (b) 2.8 —1.1 (b) 0.18 + 0.C 
Magnifiedt| 88 16 70 7.7 «0.9 (a) 6.5 © 4.4 (a) 0.70 40,3 
é y+ 2.0 (b) 0.47 2-0 
| Oblique 75 28 80 8.9 —0.4 
30 deg | 
Townes 80 28 80 741.0 18.3 3.4 17.0 4.8 0.50-0.10 | 
12 deg i 
Carotid i | 
‘Townes | 
Standard | 75 28 | 80 8.9 —0.2 19.4 «3.6 0.54 0.13. | 
Magnified | 80 28 | 35 10.0 = 1.0 25.4 - 5.4 | 097-042 | 
: b. "TS Spc 














*For both eyes, except in lateral projections. Results given with their standard deviations. (Shielding ratio= unshielded/ 


shielded dose) 
T(a) eye nearest tube 
T(b) eye remote from tube. 
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and the standard annealing cycle given by the 
instrument. Disc sensitivities were checked at 0, 45 
and 90 deg incidence on the surface of a block of 
Mix D, and no significant variation with angle was 
found. Dises were taken from the batch as supplied 
and tests showed that the accuracy of dose measure- 
ment increased from +-20°, at 200 mrad to 4-14% 
at 1 rad. Unshielded corneal doses were, generally, 
considerably greater than 1 rad and the shielded 
doses measured were less than 200 mrad in only a 
few cases. Patient and cadaver measurements were 
made with the TLDs positioned on the eyelid and 
results have been reported in mrad in tissue per 
milliampere-second. Bergstrom et al. (1972) have 
shown that there is no difference in dose between 
the eyelid and cornea. 

Radiological factors representative of those used 
in examinations were chosen for the cadaver 
measurements and are shown in Table I. The low 
values of mAs per exposure result from the use of a 
high speed combination of Siemens special Puck 
intensifying screens with Agfa Curix RPI film. 


RESULTS AND Discussion 

The results are shown in Table I. It can be seen 
that the shielding ratios obtained with the water 
phantom were lower than those obtained with 
humans. This was due to the higher shielded doses 
measured on the phantom and was attributed to the 
absence of the attenuation given by the bony 
structures of the skull. The results have been 
included to illustrate the error possible with the use 
of asimple phantom in this particular case. 

With the exception of the lateral projections, the 
shielded corneal doses were approximately 0.5 
mrad/mAs and 1.0 mrad/mAs for the standard and 
magnified projections respectively. The correspond- 
ing values for the lateral projections were lower, re- 
flecting the effects of the differing exposure factors 
between A.P. and lateral projections, rather than 
indicating an improved efficiency of the shield in 
this projection; in fact, a decreased efficiency could 
be anticipated. 

It is probable that, at least in the magnified A.P. 
and ‘Towne’s projections, the shielding ratios should 
have been greater than for the standard projections. 
This could arise because of the shadowing effect of 
the shield moving the edge of the scattering volume 
in the head away from the cornea as the tube 
target-skin distance was reduced. Consequently, the 
scattered radiation dose might be expected to in- 
crease more slowly than the primary beam dose on 


the surface, leading to an increase in the observed 
shielding ratio. However, the standard deviations of 
the results were too high to permit firm conclusions 
to be drawn on this point. 

The shielding ratios obtained for the lateral 
projections with the cadavers appear anomalous. It 
would be expected that, in general, the shield would 
be less effective in this type of projection where it is 
end-on to the beam. Also, depending on the detailed 
positioning of the shield and TLD and the angulation 
of the beam, it is conceivable that the TLD may 
receive attenuated primary and forward scattered 
radiation in addition to scatter from other directions. 
This may be particularly true with magnified views 
using short target-skin distances. These factors 
make interpretation of the lateral projection results 
difficult and, as can be seen in Table I for the eye 
nearest the tube, whilst an apparently high shielding 
ratio was found in the standard projection, a low 
ratio with a 68°, standard deviation was found in 
the magnified projection. Shielding ratios were 
lower for the eye remote from the tube because the 
surface dose was much lower at this point than for 
the other eye, whilst the scattered radiation doses 
were reduced to a lesser degree. 

The data of Table I may be used to estimate the 
corneal doses delivered during a typical carotid 
angiographic examination with and without the use 
of an eye shield. For an examination consisting of 
eight A.P., eight carotid Towne's, and eight lateral 
exposures, with the factors as shown in Table I, the 
total doses to the cornea nearest the tube would be 
0.33 rad and 6.2 rad with and without shielding 
respectively. Results were calculated using data 
from the cadaver measurements in Table I. 
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ABSTRACT 

'The administration of iodide for thyroid blocking is now 
known to carry its own risks, at least in certain categories of 
patients, We have therefore made a theoretical study by 
computer simulation of the efficacy of various thyroid 
blocking regimes. 

In the case of injected !?51]- or !?![.iodide, substantial 
thyroid protection may theoretically be achieved by a single 
oral dose of inorganic iodide, for example a 90% reduction 
in radiation dose is produced by only 20 mg iodide. Re- 
peating the initial blocking dose is of little value. 

A single blocking dose, however, affords poor protection 
against radioiodine released from labelled plasma proteins. 
Both for short-lived proteins such as fibrinogen, and for the 
longer-lived proteins such as albumin, the optimum dosage 
schedule appears to be stable iodide given daily for two to 
three weeks. For instance, 10 mg daily for a fortnight will 
reduce thyroid irradiation by a factor of ten following 
injection of !*?[-fibrinogen. 


During investigations in which radioiodine-labelled 
pharmaceuticals are injected into human subjects it 
is a conventional radiation protection measure to 
inhibit or “block” the thyroid uptake of radioiodine 
released by catabolism of the pharmaceutical in 
order to minimize radiation dose to the gland; 
indeed for many years it was the practice of the 
M.R.C. Isotope Advisory Panel to authorize the 
use of such pharmaceuticals subject to the proviso 
that the thyroid gland be blocked (Ellis ef al, 
1977). Blocking is usually achieved by oral adminis- 
tration of inorganic iodide, a fraction of which is 
subsequently taken up by the thyroid gland, militat- 
ing against further uptake as the gland content 
approaches saturation. However, the procedures to 
be followed to ensure satisfactory thyroid blocking 
have not been formally stated and the question of 
iodide dosage has been left as a matter for the in- 
dividual clinician, with the result that while some 
investigators administer only a few milligrams of 
potassium iodide daily, others prefer to give several 
hundred milligrams of iodide for several weeks. 
Such variations are probably unimportant in the 
biochemically-normal subject, but it has recently 
been suggested that in the geriatric or coronary 
patient the hazard associated with the administration 


of iodide for thyroid blocking may be greater than 
the radiation hazard resulting from the absence of 
any blocking agent at all (Denham and Himsworth, 
1974). It therefore seems desirable to minimize, so « 
far as possible, the mass of iodide employed for 
thyroid blocking, at least in these cases, and this 
paper reports our investigations into the efficacy of 
various thyroid blocking regimes. 


METHOD 

The present study takes as its basis the compart- 
mental model of iodine metabolism used by Ramsden 
et al. (1967), an accepted simplification of a complex 
physiological situation (Colard et al., 1965; Adams 
and Bonnell, 1962; Stanbury et al, 1954; Riggs, 
1952). This model employs three interactive iodine 
"pools" that suffice to describe the observed kin- 
etics of iodine metabolism in man, but it does not 
include an explicit description of iodine absorption 
from the gut. Since the latter is the usual route of 
administration of blocking iodide and since any 
delay associated with absorption could have signifi- 
cant effect, a further pool has been added to the 
model to simulate gastrointestinal absorption of 
iodide (Fig. 14). Absorption is rapid and is assumed 
to take place with a rate constant of 5%/min 
(Keating and Albert, 1949). One of the functional 
pools of the model represents iodine contained in the 
thyroid and the phenomenon of thyroid blocking is 
modelled by the non-linear uptake of inorganic 
blood iodide into that pool: the rate constant, At, 
progressively reducing the uptake of iodide as the 
thyroidal iodine content, Qi approaches saturation. 
In the absence of further blocking doses the iodine 
content of the thyroid slowly falls to its normal 
equilibrium value as metabolism proceeds. The 
work of Riggs (1952) and others has established the 
magnitudes of the above rate constants (Table I), so 
that the model may be written as a set of four simul- 
taneous differential equations with no unspecified 
parameters. 
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(A) IODINE METABOLISM 









Vascular Radioiodine 
Release | 









Radioactive 
(C) FIBRINOGEN METABOLISM | Decay 


Inorganic 
Ri 
Extra- 
vascular 1 








Radioactive 






Radioiodine 








Radioiodine 
Release 








Radioactive 
Decay 





vascular 2 


(B) RADIOIODINE METABOLISM 


(D) ALBUMIN METABOLISM 
Fic. 1. 
Compartmental schemes used to model the kinetics of iodine and radioiodine in man, Section A represents the kinetics of 


inactive iodine and Section B the kinetics of radioiodine. Sources of radioiodine, from the catabolism of labelled plasma 
proteins, are shown in sections (C) and (D). Numerical values for the model are given in Table I. 
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TABLE I 
NUMERICAL VALUES USED IN THE MODEL 





A. Iodine kinetics 

Dietary intake 240 pg/dav! 

Rate constants 
= 3.0/hr* 
.92/day! 
0.0096/day* 
z0.048/day! 

e2 = 0.00048 /day! 

Thyroid uptake rate 

Ay f1-Qr/Qs) where f = 

and Q««« 8.35 mg! 

Steady state values 
9.003 mg 
:0.125 mg 
.610 mg 
125 mg 







| O.97 hr 












=-0.0116/day esr) 
0.0860) Iday (1311) 








D. Albumin Enit 
kai 1.09/day? 
8.20/day* 














24 —0.48/day* 
Rea 0,108/day! 








! Ramsden et al., 1967. 
“Keating and Albert, 1949. 
Takeda, 1966. 

*Dykes, 1968. 


References: 


To express the kinetics of radioactive iodine in the 
system, a similar compartmental scheme is required 
(Fig. 18) in which the contents of each pool are 
subject to radioactive decay at the appropriate rate, 
ka. However, no gastrointestinal pool of radioiodine 
is necessary since only its intravenous adminis- 
tration has been simulated. Additional pools have 
been added to model the release of radioiodine into 
the blood following breakdown of a labelled protein: 
in the particular cases of fibrinogen and albumin 
which we have considered, the two compartment 
model of Takeda (1966) (Fig. ic) and the three 
compartment model of Dykes (1968) (Fig. 1p) re- 
spectively were adopted. Finally, thyroid uptake of 
radioiodine is essentially independent of thyroid 
radioiodine content, Ri, and is controlled by the rate 
constant, A, determined by the thyroid content of 
inactive iodine, Qi. 

Evaluation of the efficacy of various blocking dose 
regimes requires the determination of the corre- 
sponding integral with respect to time of thyroid 
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radioactivity from the time of injection until radio- 
active decay is complete. Each determination there- 
fore implies the complete solution of between seven 
and ten simultaneous differential equations contain- 
ing non-linear terms. Faced with this task we 
abandoned mathematical analysis in favour of a 
computer method using established techniques of 
numerical analysis to solve the differential equations. 
This was incorporated into an interactive computer- 
graphic simulation of the model, written in Fortran 
and run on a Honeywell DDP516 computer. A 
broad spectrum of run-time options was program- 
med allowing, for example, interactive nomination of 
a wide range of blocking dose regimes and specifi- 
cation of the manner in which radioiodine was re- 
leased into the blood pool. Other options provided 
control of the graphic presentation and computer- 
file records of the system variables generated during 
ensuing simulation runs. Since these simulations 
were costly of computer time, special purpose batch- 
mode programs were produced from the interactive 
program which were run on a Hewlett Packard 3000 
computer, to provide tables of thyroid radioactivity 
corresponding to various clinical situations. 

After each simulation run, absorbed radiation 
dose to the thyroid was calculated as the product of 
the above time integral and the dose-rate from the 
appropriate radioisotope of iodine. The dose-rate to 
the thyroid was calculated by the simplified methods 
of Emery and Fowler (1971) assuming a uniform 
distribution of radioiodine in a gland of mass 20 g. 
The contribution from radioiodine in the rest of the 
body was assumed negligible by comparison. 

Using the above method, absorbed radiation doses 
to the thyroid were calculated for a number of 
blocking dose regimes administered as protection 
against the two commonly-used radioisotopes of 
iodine, 125] and 1311, These isotopes were assumed 
to have been injected either unbound as todide, as 
iodine-labelled fibrinogen or as iodine-labelled albu- 
min. 


RESULTS 

Radiation doses to the thyroid following admin- 
istration of the chosen radiopharmaceuticals were 
calculated first, assuming no blocking with inactive 
carrier iodide (Table II). The reduction in thyroid 
irradiation which can be achieved by oral adminis- 
tration of inorganic iodide simultaneously with the 
radio-pharmaceutical is shown in Fig. 2. Since the 
timing of this blocking dose is a major factor in the 
efficacy of blocking, a series of computer runs was 
made to determine the nature of the effect. Results 
for 125]- and !3!]- iodide are shown in Fig. 3 in 
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20 


RBSORBED PAOERELON DOSE (4%) 


i 6 16 32 & 
BLOCKING DOSE (MG) 


a } 25r -albumin 


1 31t albumin 


125 fibrinogen 


131 fibrinogen 


129; 315. iodide 


128 5 Siz 


Fic. 2. 


Effect of blocking on thyroid radiation dose. Absorbed radiation dose is given as a fraction of that 
incurred in the unblocked case. 


TABLE I 
Ll NBLOCKED THYROID RADIATION DOSE 





Thyroid radiation dose 
(rad/&Ci injected) 






a5] 0.99 
3311.1odide 1.30 
15] fibrinogen 0.94 
13! T[-Rbrinogen 0.92 
235 albumin 0.90 
51]1.albumin | 0.51 








which the method of presentation adopted generates 
a three-dimensional surface whose shape for radio- 
iodide contrasts sharply with those for the radio- 
iodinated proteins. For example, Fig. 4 shows the 
analogous surface for administration of !?5]-fibrino- 
gen; it is typical of those for the other proteins 
examined, although, as might be expected from Fig. 
2, the surfaces for similar activities of different 
radiopharmaceuticals stand at different heights. 


Another aspect of thyroid blocking for which 
detailed results have been obtained concerns the 
effects of dividing a given mass of inorganic iodide 
into various equal blocking doses. The first is ad- 
ministered simultaneously with the radioactive agent 
and the remainder at fixed intervals thereafter. 
Where such blocking doses are used to protect the 
thyroid against radioactive iodide, protection is in 
all cases diminished compared with the same mass 
of blocking iodide given in one dose. However, in 
the case of labelled-fibrinogen and labelled-albumin, 
a dramatic improvement in protection is obtained. 
This is illustrated in Fig. 5, which shows the effect of 
dividing in various ways 128 mg of iodide used in 
protection against !?5]-fibrinogen, Similarly shaped 
surfaces at different heights were obtained for other 
blocking doses and comparable results were obtained 
for both radioisotopes and labelled proteins. Too 
many data have been collected for presentation here 
but copies may be obtained from the authors. 
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100 





3 


Fic. 3. 
Computer projection of the surface describing thyroid radiation dose as a function of blocking 
dose and time administered. Absorbed radiation dose (E : y-axis) is expressed as a fraction of 
the dose incurred in the unblocked case. Units of blocking dose (D : z-axis) are mg iodide. 
Time of blocking (T : x-axis) is in hours before (negative values) or after (positive values) 
injection of the radioiodide. 


DISCUSSION 

Radioiodide 

When no blocking agent is administered, the 
model predicts an absorbed radiation dose to the 
thyroid of 1.3 rad/pCi of 1?!T injected and 0.99 rad/ 
wCi of 125] injected. These results accord with the 
calculations made by the International Commission 
on Radiological Protection and by the Medical 
Internal Radiation Dose Committee of the Society 
of Nuclear Medicine (U.S.A) which for 131] range 
from 1.2 to 2.1 rad/u Ci and for 125] from 0.79 to 1.2 
rad/uCi injected (I.C. R.P., 1971; M.L R.D., 1975). 

In the case of radiation protection against radio- 
iodide, substantial thyroid protection is conferred by 
a single dose of inactive iodide (Fig. 2). For instance, 
the thyroid radiation dose relative to the unblocked 
case can be reduced by an order of magnitude for 
both 129] and 131] using 20 mg of oral iodide. Using 


32 mg, the absolute radiation doses to the thyroid 
are 0.071 rad/uCi of 13I and 0.094 radjeCi PII. 
Any further reduction is progressively more ex- 
pensive in terms of the mass of blocking iodide 
required; neither is any advantage obtained by 
subdividing the blocking dose, so that 20 mg may 
represent a good compromise between radiation risk 
and biochemical hazard. From Fig. 3 it can also be 
seen that the optimum time of administration of this 
20 mg dose is about one hour before the exposure to 
radioiodine and that any delay in blocking incurs a 
progressively increasing penalty. 


Radioiodine-labelled proteins 

Radiation protection against radioiodinated pro- 
teins presents a distinct contrast because the radio- 
iodine is released for days or weeks, and over such 
periods normal iodine metabolism reduces the iodine 
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content of the thyroid and hence the blocking effect. 
Despite the differences in biological half-life be- 
tween the proteins that we have considered and 
despite the differences in physical half-life between 
their radioactive labels, the surfaces generated in the 
presentation of Figs. 4 and 5 are closely similar in all 
cases, As might be expected, a single oral blocking 
dose of iodide confers very little thyroid protection 
following the injection of a radioiodinated protein 
and considerably better protection can be produced 
by administering the same mass of blocking iodide 
over an extended period. This is illustrated in Fig. 5 
which shows the effect of giving a total of 128 mg of 
iodide in seven different dosage schedules. At an 
interval between blocking doses of one hour a steady 
reduction in thyroid radiation dose is obtained as the 
iodide is divided more and more. On the other hand, 
at an interval of 256 hours, less protection is afforded 
by dividing the dose. For any given number of 
multiple doses there exists an optimum interval 
between them which produces the characteristic 
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valley in the surface of Fig. 5. Calculation shows that 
the location of this valley corresponds to thyroid 
blocking therapy which extends over a more or less 
constant period of two or three weeks. For protection 
against 1%5]-fibrinogen, for instance, 128 mg of 
iodide administered in this way reduces the thyroid 
radiation dose to 0.07 rad/uCi, that is by a factor of 
14 relative to the unblocked case or by a factor of 
five relative to the case of a single 128 mg blocking 
dose (0.37 rad/pCi). 


Risk factors 

In the absence of quantitative information re- 
lating the risk of induction of hyperthyroidism to the 
administration of iodide it seems reasonable to as- 
sume that the risk is related to iodine concentration 
at some real but unidentified site in the body. If 
iodine turnover at this site obeys first order kinetics, 
then there is a limited number of possible relation- 
ships between the administered blocking dose and 
peak concentration or highest risk. In general terms, 






















Fic. 4. 


Computer projection of the surface describing thyroid radiation dose after the injection of 
135]-fibrinogen as a function of blocking dose and time administered. Axes as for Fig. 3. 
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if the iodine turnover at this sensitive site is slow, 
peak concentrations will tend to be proportional to 
the total mass of iodide administered, whereas if 
turnover is fast, peak concentrations will tend to be 
proportional to the mass of each individual dose. 
Although in the former case subdividing the block- 
ing dose would have little effect upon the risk of 
inducing hyperthyroidism, in the latter it might 
substantially reduce the risk. 

While the above reasoning favours dose-splitting 
as a means of reducing the risks associated with 
thyroid blocking, quantitative recommendations 
cannot be made since, as is so often the case in 
clinical work, one is balancing two risks of uncertain 
magnitude. Thus one is concerned to take reason- 
able steps to reduce the thyroid radiation dose 
resulting from the use of radioiodine-labelled phar- 
maceuticals, but one is also anxious to minimize the 
mass of inorganic iodide employed. A reasonable 
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compromise is to reduce the thyroid radiation dose 
by a factor ten, any further significant improvement 
only being possible with a substantial increase in the 
total mass of iodide administered. This finding is not 
of course relevant to thyroid blocking for technical 
reasons, for instance during protein turnover studies, 
in which complete recovery of metabolized radio- 
iodine from the urine is desired. 


CONCLUSION 

Whichever total mass of iodide the individual 
clinician decides to employ for thyroid blocking, two 
recommendations can be made: the first is that for 
protection against radiopharmaceuticals such as 
labelled fats, denatured proteins etc, where the label 
is rapidly split off by metabolic processes, or for 
protection against unbound 3?5] or 131], a single oral 
blocking dose of inorganic iodide is adequate if 
given either at the time of injection or preferably an 





Fic. 5. 


Computer projection of the surface describing thyroid radiation dose following the 


administration of 128 mg iodide divided into various numbers (N : z-axis) of equal 
blocking doses given at various time intervals (T : x-axis) in hours, starting with the 
injection of !?*]-fibrinogen. 


271 


Vor. 51, No. 604 


R. Wooton and B. J. Hammond 


hour before. The second is that for protection 
against 125]- or H![.labelled fibrinogen or albumin 
a single blocking dose is not adequate. The iodide 
should be divided into daily doses to be given for two 
to three weeks from the injection of the protein. 
‘These recommendations are embodied in a recently- 
published report (Ellis et al., 1977) of the M.R.C. 
Isotope Advisory Panel. 
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Radiology. pp. xiii + 841, illus., 1976 (Baltimore; Williams 
and Wilkins Co.), $57.50. 

‘Tomography has been something of a Cinderella in the 
British and American radiological literature. This book goes 
some way towards providing Cinderella with slippers for the 
ball, It is a large book, 863 pages of text costing $57. 50— 
roughly 4.1 pence per page. This puts it beyond the price 
which individual British radiologists can afford, granted the 
"clobbering of the rich" promised by Mr. Healey some 
vears ago, and the short-sighted, peculiarly British, system of 
personal taxation and allowances for full-time professional 
workers. With the present and ever-continuing squeeze on 
University and National Service budgets, radiologists have 
to be extremely selective about the books they recommend 
for purchase by their departmental or university libraries. 
AM publishers in the English language please note. 

‘This book is clearly a labour of love, and as such is to be 
recommended. But it is curiously patchy. The reviewer, 
with a special interest in the pituitary, finds his interest dis- 
missed in two very inadequate pages. He is instead referred 
to two chapters in an even more expensive set of books. 

This book confirms the view that tomography is still more 
of an art than a science. Some parts are excellent. Buy it if 
you can. The second edition could be much better than the 
first; the first had to be written. 
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Graphs and Tables for use in Radiology. By F. Wachsmann 
and G. Drexler, pp.240, 1976 (Springer Verlag) DM48.00. 

A most comprehensive reference book but difficult to use. 
It is a unique assemblage of quantitative data taken from 
ICRU, ICRP, DIN, and many authoritative listed refer- 
ences. The information is condensed into 240 pages in four 
languages (English, German, French and Spanish). Each 
graph is labelled in four languages and a similar choice is 
given at the head of each row and column of each table of 
data. The book borders on complete confusion but survives. 
I hazard that the addition of a further language would have 
led to chaos! 'The eye frequently skates from the English 
phrases to the other language options and back again with 
linguistic edification which can confuse the original purpose. 
Luckily English occupies the first word, sentence, paragraph 
or page as the case may be. 

However, this second enlarged edition (of a book first 
published in 1957) contains a wealth of information. 
Radiotherapy dose data are comprehensively summarized to 
100 MV for X-radiation and for accelerated particles. 
Properties of primary X-radiation beams are well documen- 
ted. There are useful sections on dosimetry, nuclear medi- 
cine and radium therapy, and a brief section on diagnostic 
radiology. Sections on general biology, radiation biology and 
radiation protection make interesting reading. This is a 
useful reference text with a linguistic challenge. 


B. 1. Reece. 
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ABSTRACT 

High definition cross-sectional images produced by a new 
nuclear magnetic resonance (NMR) technique are shown. 
'The images are a series of thin section scans in the coronal 
plane of the head of a rabbit. The NMR images are derived 
from the distribution of the density of mobile hydrogen 
atoms. Various tissue types can be distinguished and a clear 
registration of gross anatomy is demonstrated. No known 
hazards are associated with the technique. 


'The first images produced by nuclear magnetic 
resonance (NMR) techniques consisted of two spots 
corresponding to a thick cross-section through two 
tubes of water (Lauterbur, 1973). In the past few 
years, the quality of images has improved as new 
equipment and methods have been developed 
(Lauterbur, 1974; Hinshaw, 1974, 1976; Garroway 
et al, 1974; Kumar et al, 1975; Mansfield and 
Maudsley, 1977a, b). 'The early NMR images were 
produced on modified NMR spectrometers and 
consequently the size of the sample was limited to 
the order of 1 cm. There is growing interest in 
applying the techniques to humans and, in fact, 
several laboratories are designing and building 
equipment for that purpose. We have recently built 
an intermediate sized system designed to investigate 
the medical feasability and usefulness of NMR 
imaging by studying small aminals (Andrew et al., 
1977). 

This paper presents a series of thin-section NMR 
images taken through the head and forelegs of a 
rabbit and shows the close correspondence between 
the NMR images and the anatomical sections. The 
images represent the distribution of mobile hydro- 
gen atoms although other NMR properties could 
have been used as the basis of the images. In vivo 
images of the human hand, which can also be in- 
vestigated by this intermediate system, have been 
produced and have been published elsewhere (Hin- 
shaw et al., 1977). 

It is too early to predict how NMR imaging will 
stand alongside other techniques for the display of 
anatomical structure. NMR, like computerized axial 


tomography, produces a cross-sectional image of the 
object being scanned with good discrimination of 
soft tissues, Unlike computerized transverse axial 
scanning, however, NMR is not limited to the 
transverse plane; any plane in any orientation can be 
chosen. NMR is a very powerful and well-estab- 
lished method of studying the properties of ma- 
terials at the molecular level. It is to be anticipated 
therefore that NMR techniques may provide funct- 
ional information of diagnostic value in addition to 
displaying anatomical structure. 


PRINCIPLES 

It is beyond the scope of this paper to present 
more than a brief discussion of NMR with a view 
towards explaining how the images are produced and 
what properties of the sample are actually being 
observed. Atomic nuclei which have a magnetic 
moment respond to radio-frequency electromagnetic 
radiation when placed in a magnetic field. The 
response is sharply resonant at a frequency, œ, 
which is directly proportional to the strength of the 
magnetic field. This can be written w=yB where the 
constant of proportionality, y, is called the gyro- 
magnetic ratio. The gyromagnetic ratio is different 
for each element and, as a consequence, the signal 
from the nuclei of a selected element can be observed 
without interference from any other. In the exper- 
iments reported here, we observed the resonance 
signal of protons, the nuclei of hydrogen, which have 
a gyromagnetic ratio of 42.6 MHz/tesla. Other 
nuclei with magnetic moments which occur in living 
systems such as 13C, 14N, 170, 23Na, 31P and 43Ca, 
give NMR signals which are one or more orders of 
magnitude weaker than that of protons, due either to 
low natural abundance or inherantly weak resonance 
behaviour. 

'The importance of NMR as an analytical tech- 
nique results from the fact that the NMR signal 
contains detailed information at the molecular level. 
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For the nuclei of a given element, the resonance 
signal from each nucleus in a given molecule occurs 
at a slightly different frequency. These frequency 
differences relative to a standard are known as 
chemical shifts and depend on the molecular en- 
vironment of the nucleus. The chemical shift 
spectrum differs for each chemical compound thus 
enabling chemical analysis to be made from the 
signal, 

The particular NMR properties most relevant to 
this work are the Ty and Ts relaxation times which 
are of interest because of their influence upon the 
strength of the NMR signal. The relaxation time Ti 
is the characteristic time required for the nuclear 
magnetic moments to regain thermal equilibrium 
with their environment and is a measure of molecu- 
lar motion. The value of T, decreases as the amount 
of motion which has spectral components near the 
resonance frequency increases. The relaxation time 
Ts is the characteristic time required for the nuclear 
magnetic moments of a given spectral line to regain 
thermal equilibrium with each other and is related to 
the molecular motion. The value of Te tends to 
increase with increased motion. For solids, par- 
ticularly at low temperatures when there is little 
thermal motion, Tg is often very short while T; is 
long. In simple liquids, however, there is con- 
siderable thermal motion which causes 7 and Te to 
be equal. Thus, with some justification, one can 
think of those samples with the ratio To/T, near 
unity as "Iiquid-like" and those with the ratio much 
less than unity as "solid-like". The Tı and Tg values 
of tap water, for example, are typically three seconds 
but when the water is frozen T lengthens to minutes 
and T shortens to tens of microseconds. 

In addition to information at the molecular level, 
the NMR signal can also provide macroscopic 
spatial information. Since the resonance frequency 
is proportional to the strength of the magnetic field, 
if the field is not constant over the sample but has a 
uniform gradient in one direction, then the in- 
herently narrow resonance is broadened in a way 
that depends upon the shape of the sample. To be 
specific, if the field B can be written B=Bo-+-gy 
where g is the gradient strength in the y direction, 
then the resonance spectrum, f(w), is proportional to 
the projection of the sample onto a line in the y 
direction, Ín other words, an element of sample at a 
point (x, y, 2) has a resonant frequency «—»(Bo-- 
gy) and thus adds its signal to the spectrum at that 
frequency. The fact that the spectrum corresponds 
to a projection of the sample when a magnetic field 
gradient is applied has been known for a long time 
(Gabillard, 1951). Recently this fact has been used 


to form two-dimensional images by recording the 
spectra for many different gradient directions and 
then reconstructing the image from the spectra, or 
projections, with a computer algorithm similar to 
that employed by the CAT X-ray scanners (Lauter- 
bur, 1973). | 

The technique used to produce the images pre- 
sented in this work differs from the more traditional 
reconstruction from projections. In this work a 
further experimental method is used in which the 
NMR signal from selected regions of the sample is 
accepted while that from other regions is rejected. 
This technique, which is explained in detail else- 
where (Hinshaw, 1976), is based on the fact that a 
time-dependent field gradient applied to the sample 
makes the magnetic field in the sample time-depen- 
dent everywhere except in one plane which is normal 
to the direction of the gradient. Thus the NMR 
signal from everywhere except that one plane is also 
time-dependent and can be removed by careful 
signal processing, leaving only the signal from the 
selected plane, or "sensitive plane". An NMR 
saturation. phenomenon is also involved in this 
selection process but its discussion is not necessary 
here. If two orthogonal time-dependent gradients 
are applied, for example in the x and z directions, 
the result is a "sensitive line" in the y direction. If 
three orthogonal time-dependent gradients are ap- 
plied the result is a "sensitive point" at the inter- 
section of the three sensitive planes. 


METHOD 

The images shown in this paper were made by 
applying both time-dependent and static magnetic 
field gradients. The geometry used is shown in Fig. 
1. Time-dependent gradients were applied in the x 
and z directions producing a sensitive line through 
the sample in the y, or vertical, direction. A static 
field gradient was applied in the y direction along 
the sensitive line. With this arrangement of gradi- 
ents, the observed NMR signal was produced by the 
sample in the selected sensitive line and the spec- 
trum corresponded to the distribution of material 
along the sensitive line. The spectrum was stored in 
a computer memory and displayed as a line on an 
oscilloscope screen with the beam intensity cor- 
responding to the spectrum amplitude. Thus a 
dense region of the sample somewhere along the 
sensitive line would produce a corresponding peak 
in the spectrum and finally a bright spot on the 
oscilloscope screen. The complete image was formed 
by scanning the sensitive line through the sample 
and simultaneously moving the display line across 
the oscilloscope screen. In order to form separate 
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Sensitive line 


Scan direction 


Fic. f. 


Diagram of the sample chamber geometry. The sensitive 
line scans slowly from left to right through the sample 
chamber during the formation of an image. The sample 
chamber is 8 cm in diameter, the imaging plane is —3 mm 
thick, and the sensitive line is ~0.4 mm wide. The sample 
chamber is mounted between the pole faces of a magnet 
which applies a magnetic field in the z direction. 


images of successive planes, the sample was moved 
along the axis of the sample chamber. 

'The uniform magnetic field of 0.7 tesla was pro- 
vided by a Varian iron-core electromagnet with 30 
cm diameter pole faces and a 13 cm gap. The sample 
chamber was an 8 cm diameter glass tube mounted 
between the magnet pole faces. The coils producing 
the three orthogonal gradients were mounted on the 
pole faces. The strength of the three gradients was of 
the order of 10-4 tesla/cm. The x and z gradients had 
a sinusoidal time dependence with a frequency of 
6Hz. The cross-sectional shape of the sensitive line 
was determined by the strength of these two gradi- 
ents and was roughly 3 mm in the x direction and 0.4 
mm in the z direction. The static y gradient was 
adjusted to resolve 128 independent points at 0.4 
mm intervals in the vertical, or y, direction. The 
position of the sensitive line was stepped horizon- 
tally 0.4 mm for each line, giving a final image 
consisting of 128 by 128 independent picture points. 
The rate of scan was such that the image was 
completed in about 15 min. 

The resonance phenomenon was excited and ob- 
served by a purpose-built 30 MHz NMR spectro- 
meter operating in the pulse Fourier transform 
mode. Details of the spectrometer and its operation 
will be discussed elsewhere. 

The image data were stored on cassette tape which 
enabled interactive computer image processing to be 
done at a later time. The images were photographed 
from the screen of the display oscilloscope with a 
35 mm camera. Dense regions of mobile protons 
produced bright areas on the display and thus white 


areas on the prints made from the 35 mm film. The 
images were actually displayed as a 256 x 256 array 
of dots rather than 128 x 128 in order to reduce the 
dot size and produce a smoother image. 

Other modes of data display are possible with the 
existing equipment, including a list of the actual 
numbers corresponding to each picture element. 
Colour images can be obtained from the mono- 
chrome oscilloscope by decoding the image data into 
three primary components which are consecutively 
displayed and photographed through colour filters 
(Holland and Bottomley, 1977). A computer driven 
photo-scanner has recently been developed which 
exposes photographic print paper point-by-point to 
build up either monochrome or full colour pictures 
(Bottomley et al, 1978). With these methods of 
display, the colour and intensity of an image can be 
used separately to represent two independent NMR 
parameters such as density of mobile protons and 
T; relaxation time. 


RESULTS 

The head and fore-limbs of a freshly killed rabbit 
were introduced into the sample chamber. A series 
of scans in the coronal plane were made at successive 
5 mm intervals along the length of the head. At the 
conclusion of the experiment the rabbit was em- 
bedded in Plaster of Paris and after deep freezing 
overnight serial coronal sections were made with a 
band saw at 1 cm intervals along the length of its 
head. The sections were photographed on each side 
and also X-rayed using both a screen and a non- 
screen technique for optimum display of bone and 
soft tissues. It is not possible to ascribe an exact 
registration between the NMR images and the 
anatomical sections since the precise location of the 
former was not defined; nevertheless, a close cor- 
respondence was immediately evident when the two 
series were placed side by side. 

The strongest signals, which appear as white in 
the images, are associated with bone marrow as in 
the diploic space of the frontal bones, with fat- 
containing connective tissue as within the extra- 
ocular muscle cone, and with certain mucous mem- 
branes such as that lining the palate. Cortical bone 
and teeth give a very low signal and, like air-filled 
cavities, appear black in the image. Muscle and 
nervous tissue give signals of intermediate strength 
and appear in shades of grey. 

Figure 24 is an NMR image taken through the 
middle of the orbits. 'T'he corresponding anatomical 
section is shown in Fig. 28, and Fig. 2c is an an- 
notated diagram indicating the recognizable struc- 
tures. The section includes part of the anterior 
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cranial cavity which is formed by the pre-sphenoid 
bone inferiorly and the frontal bones dorso-laterally. 
The cortical component of this bony ring is seen as a 
thin black line with the short lateral extension of the 
frontal bones to form the supra-orbital ridges 
clearly defined. The marrow within the diploic 
space of the frontal bones and the medullary cavity 
of the sphenoid appears white in the image, 

In the rabbit the shallow orbital cavity becomes 
confluent below with the temporal fossa and there is 
no bony optic capsule apart from the supra-orbital 
ridges. The globes are defined by an outer thin black 
ring representing the fibrous and 
within each the lens shows as a dark ellipse. It is just 


sclerotic coat 


possible to discern the outline of the extra-ocular 
muscles and in Fig. 3c fat within the muscle cone 
produces a triangular white area in the image, 





rontal lobe Estra-ocular muscle 





reflecting a very high NMR signal. This cone of 
tissue tapers towards the orbital apex where it is 
seen to surround a short segment of optic nerve. 
Between the orbits are the posterior ethmoid air cells 
and below them is the nasal cavity which appears as 
a dark ellipse on account of the air within it. A 
horizontal white band representing the soft palate 
forms its inferior boundary and separates it from the 
buccal cavity. Immediately below each orbit a por- 
tion of the maxilla is included in the section together 
with an adjacent segment of the horizontal ramus of 
the mandible. The cortical bone and teeth are 
registered in black and where marrow occurs within 
the section this is represented in white. The changing 
contribution of cortical bone and marrow accounts 
for the different appearance of these bones in the 
three adjacent orbital sections shown in Fig. 3a, B 





B 


Fic. 2. 

Mid-orbital cross-section. (a) is the NMR image and (B) the 
corresponding anatomical section. (C) indicates the recog- 
nizable structure, 


76 


APRIL 1978 


Display of cross sectional anatomy by nuclear magnetic resonance imaging 





Fic. 3. 


(a), (B) and (c) are NMR scans of three adjacent orbital sections. (D) is a radiograph of the anatomical section corresponding 
to (B). The white region surrounding the section is the Plaster of Paris in which the rabbit was embedded. 


N 
- 
N 


VoL. 51, No. 604 


W. S. Hinshaw et al. 


OP > 
SA N et Pre-maxilla 
—— ———-— pate 
~ | 
tr Cavity of oro- pharynx 
| M Ped. s 
» 
Yoo Mandible 
T "C 


and c. The tongue, which is made up of muscle, is 
seen as a greyish granular structure between the 
mandibular rami in apposition with the soft palate 
A radiograph of the mid-orbital section is 
shown for comparison in Fig. 3p. 


Ihe shape of the skull in the rabbit is much 


abi ve 


influenced by the large nasal passages. Their roof is 
formed by the nasal bones; the side walls by the 
maxillae and pre-maxillae and the floor partly by 
medial palatine processes of these bones being com- 
pleted posteriorly by the palatine bones. Within the 
nasal cavity is an extensive mucous membrane sup- 
ported by thin bony plates, the turbinals or scroll 
bones, which are attached to the maxillae, nasal 
and ethmoid bones. These are clearly seen within 
the air-filled nasal cavity in Fig. 44 which is an NMR 
section taken through the anterior part of the nasal 





Fic. 4. 


Cross-section through nasal cavity. (A) is the NMR image 
and (B) the corresponding anatomical section. (C) indicates 
the recognizable structure. 


cavity. The corresponding anatomical section is 
shown in Fig. 4B and an annotated diagram, Fig. 4c, 
indicates the structures identifiable within the 
section. 


DISCUSSION 

In the NMR images of the rabbit, white cor- 
responds to a dense region of mobile protons 
and black to an absence of mobile protons. It is 
perhaps worth looking at this correspondence more 
closely. Experimentally, the image represents the 
distribution of NMR signal strength. Based on a 
rather simple theoretical model, we can say that 
three properties of the sample determine the NMR 
signal strength. The most obvious property is simply 
the number of relevant nuclei in the region being 
observed; in our case the number of protons, or 
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hydrogen atoms. The other two properties are the Tj 
and Ts relaxation times. Due to the details of the 
NMR technique used to obtain the spectra, any 
protons in the sample either with 75 less than about 
1 ms or T, longer than a few seconds will not be 
observed. These requirements eliminate the protons 
in solid-like material. The remaining protons are 
observed with a signal strength, or intensity, which 
is proportional to the density of observable protons. 
The intensity also has a strong dependence upon the 
ratio T/T which results in the technique being most 
sensitive to those protons with considerable thermal 
motion, the mobile protons. 

The time taken to produce these images ranged 
from 11 to 18 min. This should not be considered a 
fixed time. The time required depends upon the 
trade-off between image time and both noise and 
resolution. The data collection time increases as the 
square of the signal-to-noise ratio but falls rapidly 
with decreased resolution. The time required to 
obtain one line of the picture goes as the inverse 
fourth power of the resolvable transverse distance if 
the axial resolution, or slice thickness, and noise 
remain unchanged (Hinshaw, 1976). Thus reducing 
the array size from 128 to 100 would allow a 15 min. 
image to be obtained in about 4 min. 

The equipment we used was designed to image 
one plane transverse to the axis of the sample 
chamber, but other arrangements are possible. 
Since the imaging is controlled electrically through 
field gradients and since no moving parts such as 
rotating gantries are required, enormous flexibility 
can be achieved. Sagittal planes are no more difficult 
to image than coronal planes. In fact the equipment 
could be designed to image any plane in any orienta- 
tion. The thickness of the image plane is determined 
simply by the strength of the relevant gradient and 
thus the slice thickness can be increased, if neces- 
sary, to include the entire sample. It is possible to 
render the NMR spectrometer sensitive to only one 
small region of the sample. This would allow an 
image to be produced and then more detailed meas- 
urements, such as the measurement of relaxation 
times, to be performed at a chosen point in the 
image. 

NMR relaxation times in biological tissue have 
received considerable attention in the literature 
(Knispel et al., 1974; Hazlewood et al., 1974; Hollis 
et al., 1975). The differing relaxation times of tissue 
should aid in tissue identification, but the experi- 
mental overlap of data suggests that relaxation times 
alone are not enough. Further research is needed, 
however, particularly since past work has been done 
on excised tissue. Changes upon death and excision 


cannot be ruled out. There is also evidence that 
certain pathological conditions, such as oedema and 
ischemia, affect the tissue relaxation times. Fast 
growing tumours are reported to have relaxation 
times different from the host tissue. 

The work reported here is based upon the reson- 
ance of protons, or hydrogen nuclei. The addition of 
water, for example, to an object while imaging 
mobile protons would be analoguous to the use of 
contrast media in X ray work. A second nucleus 
which gives a strong signal is the !9F nucleus. 
Images based on the resonance of fluorine nuclei 
have recently been published (Holland et al., 1977). 
Although fluorine exists in negligible quantities in 
most biological tissue, it can be introduced, for 
example, with fluorine-bearing drugs. It would then 
be possible to observe the physical distribution of 
the fluorine compounds without the interference of 
signals from naturally occurring material. Further 
applications are suggested by the recent research on 
animals using fluorocarbons as blood substitutes 
(Symposium on Artificial blood, 1975). Studying the 
distribution of fluorine with NMR would be anai- 
ogous to observing the distribution of radioactive 
isotopes in body organs with a gamma camera. 

There is no known hazard associated with NMR 
imaging. No ill effects have been observed on 
workers exposed for extended periods to static 
magnetic fields of up to 2 tesla (Barnothy, 1964, 
1969). In the present system the average power 
density associated with the RF field during imaging 
is less than 2 mW/cm?. If this system were modified 
to operate at 5 MHz and to accommodate a 30 cm 
diameter body, the expected average power density 
would be less than 0.7 mW/cm3, This is to be com- 
pared with clinical diathermy which operates at 
exposures up to 600 mW/cm? and a recommended 
maximum long-term exposure of 10 mWiícm? 
(Johnson and Guy, 1972). 

Image quality is very difficult to define. Even such 
apparently simple questions as the thickness of the 
slice become complex upon close examination. 
Studies made using simple phantoms made up of 
water, glass, and air are not very helpful and may 
even be misleading since real biological tissue con- 
tains a wide range of relaxation times. The entire 
question of objective image quality, including such 
problems as noise, geometric and intensity distor- 
tions, planar and axial resolution and artifacts, re- 
mains to be considered. 
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Book reviews 


Cross-sectional Anatomy: Computed Tomography and Ultra- 
sound Correlation. By B. L. Carter, J. Morehead, S. M. 
Wolpert, S. B. Hammerschlag, H. J. Griffiths and P, C. 
Kahn, illus., 1977 (Appleton-Century-Crofts), £34-00. 
Computerized Axial Tomography (An anatomic atlas of serial 
sections of the human body. Anatomy-Radiology-Scanner). 
sections of the human body. Anatomy-radiology-scanner). 
By J. Gambarelli, G. Guerinel, L. Chevrot and M. Mattei, 
pp. viii 4- 286 illus., 1977 (Springer Verlag, Berlin), $105.60, 

Computerized tomography has renewed interest in trans- 
verse cross-sectional anatomy of which there are several 
classical volumes. These two new books attempt to relate 
serial sections of frozen corpses to normal radiological 
appearances and are directed to the increasing numbers of 
radiologists who spend time endeavouring to interpret 
unfamiliar images produced by new technology. 

Gambarelli and his colleagues have produced a book 
based on sections 1 cm apart. Typically the open book 
shows a colour photograph of the specimen on the left-hand 
page, with a diagram indicating the site of the slice. Op- 
posite is a line drawing of the photograph with parts in- 
dicated by numbers, the key to which is on the lower left- 
hand page. Beneath the line drawing there is a smaller 
unlabelled radiograph of the specimen and a CT scan of a 
similar level with some numerical labelling. 

"The book by Carter and her colleagues is an elaboration of 
Eycleshymer and Schoemaker's classical “A Cross-Section 
Anatomy", with redrawn head-sections more closely related 
to the planes used in scanning. Typically an open page 
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shows on the left leaf a body section of similar size to 
Gambarelli, as a line drawing both numbered and labelled. 
On the right-hand leaf are five small pictures, one is the 
body section viewed from below as seen conventionally in 
the scan. The others are CT images. These small images are 
unlabelled but there are explanatory legends. This is fol- 
lowed by a whole-page radiograph of a comparable body 
slice as conventionally viewed from the feet on the left-hand 
page with a group of small CT scans or ultrasound images on 
the opposite page. 

Both books have small introductory sections on the 
principles of the technique and the Gambarelli book in- 
cludes a section of mathematical theory which most radi- 
ologists would find difficult to understand. 

The labelling of the larger images in the book by Carter is 
less easy to see but this is more than compensated by the 
labelled and reversed radiographs of similar sections. The 
CT scans are better labelled in Gambarelli but are fewer in 
number; the colour photographs of this work are super- 
fluous in my opinion. 

'The inclusion of the supplementary radiograpbs of the 
sections orientated in the usual C'T convention, a more 
comprehensive exposition of the limbs and vertebral col- 
umn, the inclusion of some ultrasound images which are 
however very rudimentary and some sagittal sections make 
the book by Carter and her collaborators much the better 
buy. Both books, however, could well be improved by more 
adequately labelled scans. 

D. G. Suaw 
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ABSTRACT 

Criteria have been developed for radioisotope scanning of 
bone with an eight-colour-display rectilinear scanner, to 
differentiate metastases from degenerative spinal disease. If 
the area of increased uptake is two or more colours "hotter" 
than normal, this is probably due to metastases even if 
degenerative spinal disease coexists. The positivity of a scan 
due to degenerative spinal disease is a function of the degree 
of sclerosis adjacent to the intervertebral discs and apophy- 
seal joints; it is not related to the degree of osteophyte 
formation. 


The most frequent indication for bone scanning is 
the detection of metastases. It is a fact that both 
metastases and degenerative joint disease result in a 
positive scan (Merrick, 1975). It would be efficaci- 
ously and economically advantageous if these two 
common conditions could be differentiated on the 
basis of radionuclide uptake without recourse to 
radiology. In the appendicular skeleton the co- 
existence of these two pathologies is uncommon 
because metastases are relatively infrequent; when 
they do coexist, metastases rarely affect the epiphyses 
(Scott and Adams, 1975); Sutton and Grainger, 
1975). However, in the spine where joints are super- 
imposed upon vertebral bodies, can increased radio- 
nuclide uptake be ascribed as being due to metastases 
when there is coexistent joint disease? 

The aims of this study are: firstly, to decide if 
metastases can be differentiated from degenerative 
spinal disease solely on the basis of radionuclide 
uptake, and secondly, in those cases in which the 
distinction cannot be made solely on the basis of 
radionuclide uptake, to decide if there are any useful 
differentiating radiological features. 


MATERIALS AND METHODS 

Methods of quantitation 

The fundamental prerequisite for the objective 
interpretation of rectilinear scan images is a method 
of quantitation. Only when this exists can the criteria 
of normality and specific pathologies be developed. 

'The method of quantitation used in this study is 
predicated on the fact that the eight-colour scale of 
the scanner printout is linearly related to the 


intensity of the detected radiation. Thus, the colour 
print-out was represented by numbers (one to eight) 
and measurements were made at desired areas on the 
scan. The sensitivity was increased by interpolating 
half-scores: an area exhibiting an equal mixture of 
two colours scored the mean of the two colours. 
Normal scans were analysed as follows: the colour 
score of each vertebral body from D1 to the body of 
the sacrum was determined and the difference 
between the value of a vertebral body and the 
cranially adjacent vertebral body was calculated. 
This was repeated for each scan and a series of mean 
difference values between adjacent vertebrae, from 
the upper dorsal to the upper sacral spine, was 
obtained. Similar mean differences for symmetrical 
sites were calculated: humeral heads, sacral alae and 
femoral heads. In the abnormal scans, the magnitude 
of the difference between the pathological area and 
the adjacent normal area (or anatomically symmetri- 
cal site) was recorded. 


Radiological scoring of the components of degenerative 
spinal disease. 

In this study the term degenerative spinal disease 
(hereafter referred to as “O,A.”) includes spondy- 
losis of the intervertebral discs and osteoarthritis of 
the arthrodial joints. The components of O.A. which 
might reasonably contribute to the positivity of a 
scan were assumed to be osteophytic lipping, 
sclerosis in relation to the arthrodial joints and 
sclerosis adjacent to the disc spaces. The length of 
the osteophytes and the thickness of the zones of 
sclerosis were measured using a standard transparent 
centimetre ruler. In measuring the thickness of the 
zones of sclerosis the width of the arthrodial joints 
or the disc spaces were not included (Fig. 1). 


Scanning technique 

All scans were performed using 99?Tcm-EHDP 
(Osteoscan, Proctor and Gamble Ltd.). The dose 
was 15 mCi and the interval between injection and 
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Fic. f. 
Measurements of O.A. The degree of sclerosis adjacent to the disc space or arthrodial joints in mm is given by (A~a) and 


(B-b) respectively. The width of the joint space is subtracted a 
degree of osteophyte formation is given by C, the length of th 
A.P. or lateral film depending on which 


scanning was three hours. The rectilinear scanner 
was a Selo DS4/4 (ICN Tracer-lab Ltd.). The 
scanner settings were calibrated such that the count 
rate from the hottest part of the spine (D2 to D6) 
was 60% of the operational range: green/yellow 
print-out. Other aspects of technique were standard 
(Merrick, 1975), 


Selection of patients 
Normal patients: All available normal bone scans 

and accompanying radiographs performed in 1973 

and 1974 were reviewed. Further selection was based 

on the following criteria: 

(a) normal bone scan report; 

(b) accompanying radiographs showed no evidence 
of degenerative disease or other pathology; 

(c) the patients had been followed-up for at least 18 
months and remained free from malignant dis- 
ease. 

Thirty-seven patients satisfied these criteria and 
as a result of detailed study it was decided that to 
be considered abnormal the difference in uptake be- 
tween adjacent vertebrae or symmetrical sites must 
be one or more colours (Fig. 2). 


Patients with metastases and O.A.: A random selec- 
tion was made of positive bone scan examinations 
performed in 1973 and 1974. Additionally, a random 


s it probably does not contribute to radionuclide uptake. The 
€ osteophyte in mm. Measurements were made either on the 
gave better demonstration of joint space. 


selection was made of patients with a normal scan 
and radiological evidence of O.A. Only those patients 
with available case sheets and corresponding radio- 
graphs were accepted for further study. Patients 
were deemed to suffer from metastatic bone disease 
if: 

(a) there was unequivocal radiological evidence of 
metastases which corresponded to the area of in- 
creased uptake. Patients with positive bone scans 
who on follow-up for one year or more did not de- 
velop radiological evidence of malignancy corre- 
sponding to the increased uptake were excluded; 

(b) There was unequivocal histological evidence of 
malignancy corresponding to the area of increased 
uptake. (Histology must have been obtained after 
the scan.) 

Patients were deemed to suffer from O.A. if their 
radiographs showed the standard radiological signs, 
e.g. Sutton and Grainger (1975), and their subse- 
quent clinical course and investigations failed to 
reveal any evidence of malignancy. 


RESULTS 
The distributions of intervertebral uptake differ- 
ences for normals and patients with O.A. or meta- 
stases are shown in Fig. 2. Comparison of the normal 
patients and those with metastases shows that there 
is very little overlap. Only 79/, of metastatic sites fall 
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SIGNIFICANCE of INCREASED UPTAKE | 
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Colour difference between adjacent vertebrae 


Fic. 2. 
Intervetebral uptake differences. The colour scale at the bottom is common for all 
three histograms. 
(i) Normal histogram. Sixty-one per cent of sites show no difference in uptake com- 
pared with adjacent area. A further 35% only vary within half a colour; this frequency 
is too great to be considered abnormal, therefore an area of interest has to be at least one 
colour hotter than the adjacent area to be considered abnormal, 
(ii) Osteoarthritic histogram. Degenerative joint disease practically never causes an 
increase in uptake of two or more colours more than adjacent spine. 
(iii) Metastases histogram. It should be noted that as the histograms have a common 
scale we can see that only 794 of metastases fall within the normal range. 


within the normal range. The mean increase in up- First, the majority of patients have normal scans. 
take at sites with metastatic bone disease is about 2.5 Second, only 2% of patients with O.A. exhibit an 
colours more than the adjacent normal vertebrae. increase in uptake greater than 1.5 colours. If we 

In the O.A. group two important results emerge. accept a 1.5 colour increase as a cut-off value, then 
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COMPONENTS OF DEGENERATIVE SPINAL 


DISEASE 


WHICH CONTRIBUTE TO A POSITIVE SCAN 
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Components of degenerative spinal disease which contribute to a positive scan. The bars indicate the upper limits (4- 1:96 S.D.) 

not the means of values of those patients with negative scans and radiological evidence of O.A. In patients with positive scans 

due to C.A, the values for the degrees of sclerosis or osteophyte formation are indicated by the dots. Patients with positive scans 

have osteophytes of the same order of magnitude as those patients with negative scans. This suggests that osteophytes do not 
contribute to the positivity of a scan. 


549; of metastases will exhibit uptakes which are too 
high to be due to O.A. Thus, an increase in uptake of 
two or more colours is not due to O.A. 

The values for the length of the osteophytes and 
the thickness of the zones of sclerosis are given in 
Fig. 3. In the patients with normal scans and 
radiological evidence of O.A. the mean and -+ 1.96 
standard deviation parameters were calculated. The 
~~ 1.96 limits are indicated by the bars. In patients 
with positive scans and radiological evidence of O.A., 
the individual measurements are illustrated as dots. 
As patients with positive scans have osteophytes of 
the same order of magnitude as those with negative 
scans it is unlikely that osteophyte formation 
significantly contributes to the positivity of a scan. 
It should also be remembered that the bars indicate 
the upper limit of O.A. not accompanied by a posi- 
tive scan. Thus, the position of the dots relative to the 
bars suggests that it is only a moderately severe or 


marked degrees of sclerosis which will be accom- 
panied by a positive scan. The cut-off values for the 
degree of sclerosis in relation to the arthrodial joints 
or disc margins above which a scan will be positive 
are 4.5 mm and 8.5 mm respectively. 


DiscussioN 

The differentiation between malignancy and O.A. 
is a fundamental problem in rectilinear scan inter- 
pretation. Elegant studies quantitating uptake in 
arthritis by Bauer and Smith (1969) and DeFiore 
et al. (1970) unfortunately suffer from the following 
disadvantages. First, the techniques used have been 
rendered obsolete by recent advances in radiophar- 
maceuticals and instrumentation. Second, par- 
ameters and techniques of measurement, although 
perfectly valid, were too complicated for use in the 
interpretation of routine scans. 
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TABLE I 








The probability of one or 
more lesions exhibiting an 
increase in uptake of two or 
À Number of Lesions 





Un d ut 
c 
oo 
oc 











The present study, predicated on a simple method 
of quantitation, enables a confident discrimination to 
be made between metastases and O.A. in just over 
509/, of metastases. It is emphasised that this dis- 
crimination is based solely on the magnitude of 
uptake at a single site. However, it has been shown 
that 869/ of patients with bone metastases have 
multiple lesions (Shirazi et al., 1974). Therefore, as 
we only need to diagnose one lesion as malignant to 
confirm bone metastases, the probability of multiple 
lesions being due to malignancy can be calculated by 
the binomial distribution (Table I). 

It is further emphasised that the site of the in- 
creased uptake influences the probability of malig- 
nant bone disease. If any of the lesions are related to 
the metaphysis or diaphysis of adjacent long bones 
then the problem of differentiation from O.A. does 
not occur. Although the differential diagnosis 
extends beyond O.A. and metastases, the pattern of 
scan abnormalities and the clinical history will 
indicate when the less probable alternatives should 
be considered. 

The 7% false negative rate accords with the results 
of others (Ell et aL, 1976). It is felt that this is 
probably due to some patients being on hormonal- 
or chemo-therapy at the time of scanning. 

It is in the remaining 39% (100% —-54% —7%) of 
metastatic sites in which the radionuclide uptake is 
not sufficiently great to permit a confident diagnosis 
of metastases that false-positive results occur. The 
incidence of false-positive studies can only be 
minimized if there is careful correlation between the 
scan and the radiological findings. 

Radiologists generally equate osteophytic lipping 
with osteo-arthritis or spondylosis. However, the 
present results suggest that when the radiologist is 
evaluating the cause of a positive bone scan he should 
ignore osteophytes and concentrate on sclerosis 
adjacent to the intervertebral discs or apophyseal 
joints. These findings support the work of Bauer and 
Smith (1969). It is also suggested that only moderate 
or advanced degrees of O.A. give rise to a positive 


scan. Thus, although no firm probabilities are 
offered, the more normal the radiological appear- 
ances the less the probability of a false-positive 
diagnosis of metastatic bone disease. It is not 
possible to estimate the proportion of patients with 
O.A. exhibiting a positive scan because it would vary 
widely according to the defining criteria for O.A. 

Ideally there should be interdisciplinary discussion 
at all stages of patient management. It is emphasised 
that imperfect communication can lead to false- 
positive scan diagnosis in two particular situations. 
First, if O.A. changes are present and not reported 
then the clinician will justifiably assume that the 
positive scan is due to malignancy. Second, if osteo- 
phytic lipping or other radiological signs are over 
emphasised then the clinician may falsely assume 
that the positive scan is due to O.A. 

The following aspects of our normal criterion 
require amplification, The sex and age distributions 
of the normal, O.A. and metastases group were 
similar. Our normal criterion was validated by 
observing a further three normal samples: each 
sample consisted of 100 randomly chosen sites, The 
dominant influence on an abnormal scan must be the 
underlying pathology. Other factors such as the 
physical conditions of the examination are merely 
relevant. Our criterion of normality is probably 
applicable to other departments with similar, rather 
than identical, scanning techniques. 

The conclusions of this study are not applicable 
to gamma-camera examinations. This is because the 
physical conditions of the two techniques are 
completely different. Further work is in progress 
trying to establish similar criteria for gamma-camera 
examinations. 
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ABSTRACT 

A battery of lung function tests was performed on 28 
patients with carcinoma of the bronchus, before radio- 
therapy, six weeks later, and at three months. 

‘Twenty-five had evidence of airways obstruction, though 
only five had a forced expiratory ratio of less than 5094. 
Nine were shown to have obstruction to a main or lobar 
bronchus, while 11 definitely did not, but the only signifi- 


cant difference in lung function between groups was in the 
residual volume calculated from single breath helium 
dilution. Eight of ten cases of squamous cell carcinoma were 
central, and seven of these obstructive. Of seven cases with 
undifferentiated cells only two were central (p « 0.05) and 
one obstructive. Breathlessness on presentation was signifi- 
cantly more common in patients with central tumours (6/12) 
than those with peripheral lesions (1/8), and all six breath- 
less patients with central tumours claimed that this symptom 
improved after radiotherapy. 

Radiotherapy may have a palliative effect for breathless- 
ness in patients with central airways obstruction due to 
tumour, 


In 1975 Caplin and Festenstein reported a low 
incidence of severe airways obstruction in a group of 
patients with carcinoma of the bronchus. Suspect- 
ing that this finding was due to bias in selection, we 
repeated the study in an overtly selected group where 
incidence of airways obstruction might be expected 
to be higher, namely patients with bronchial car- 
cinoma referred for radiotherapy. 

A second purpose of this study was to see if by 
using a wide selection of techniques of measuring 
lung function we might find criteria for detecting 
obstruction in central airways (trachea and major 
bronchi), and to see how the measurements changed 
after radiotherapy, although we recognized that it 
would have complicated effects on lung function 
apart from the possible amelioration of a localized 
obstruction (Deeley, 1960; Emirgil and Heinemann, 
1961; Axford et al., 1977). 

During the study we noticed a difference in the 
incidence of breathlessness in groups of patients 
with and without central obstruction and that the 
dyspnoea of patients with central obstruction was 
apparently relieved by radiotherapy. 





*Present address: Central Middlesex Hospital, Acton Lane, 
London, N.W.10. 


PATIENTS 

Fourty-four patients with carcinoma of the 
bronchus were referred to the Department of Radio- 
therapy, Middlesex Hospital (Dr. Margaret Spittle) 
and received a split course of radiation, 3000 rad in 
ten treatments over 12 days on a radioactive cobalt 
machine, followed by a break of four weeks and then 
a further 3000 rad in ten treatments over 14 days on 
the 8 MeV linear accelerator, the treatment field 
being arranged to avoid the spinal cord. In addition 
they took part in a trial of a cytotoxic drug ICRF 159 
(Razoxone) 125 mg b.d., being randomly assigned to 
control or drug-treatment groups. Subsequent 
analysis showed no effect on survival rate from cyto- 
toxic therapy (Spittle, in preparation), and the 
results have been pooled for the lung function 
analysis. 

While all patients had some simple lung function 
tests as part of the assessment of cytotoxic therapy, 
they were excluded from the full series of tests: 

(1) if they were too sick, frail, or elderly to complete 
all the tests without distress; 

(2) if they were unable to cooperate in the necessary 
respiratory manoeuvres; 

(3) if these manoeuvres caused or exacerbated chest 
pain; 

(4) if a lobar or main bronchus was completely 
blocked (as opposed to narrowed). 

Of the 44 patients considered, 16 were excluded 
on these grounds and the remaining 28 were classi- 
fied in three groups: 


Group 1 “Central obstructive" (nine patients) 

These subjects had narrowing of a main or lobar 
bronchus seen at bronchoscopy in eight cases and by 
tomography in one. 


Group 2 (A) “Central non-obstructive” (three 
patients) 
(B) "Peripheral" (eight patients) 

They had bronchoscopies which were normal or 
showed changes at the segmental level, with a central 


286 


APRIL 1978 


Central airways obstruction in carcinoma of the bronchus treated by radiotherapy 


mass on the chest film in Group 2(A), and a periph- 
eral mass in Group 2(B). 


Group 3 “Unclassified” (eight patients) 

The remaining patients could not be assigned with 
certainty to either of the first two groups, and results 
obtained from them are used only in considering the 
incidence of airways obstruction in the whole series 
of 28 patients. 


METHODS 
'The patients attended the lung function labora- 
tory first before radiotherapy; second, six weeks 
later, before the second part of the split course; and 
finally at three months, one month after completion 
of the course. Three patients attended only for the 
first two appointments, and two for the first and 
third only, being too ill to come on the other occa- 
sion. 
The following measurements were obtained in the 
same order at each attendance: 
(1) Transfer factor for carbon monoxide (Treo) by 
the single-breath technique (Cotes, 1975a). This 
method incorporates the calculation of residual 
volume from the distribution of the tracer gas 
helium in the inspirate (RV ge). 


(2) Peak expiratory flow rate (PEF) and peak 
inspiratory flow rate (PIF) with a Wright peak flow 
meter adapted according to Nairn and McNeill 
(1963). 
(3) Vital capacity (VC), forced expiratory volume in 
one second (FEV;) and the forced expiratory ratio 
(FEVi/VC) with a dry spirometer. 
(4) Residual volume (RV), total lung capacity 
(TLC), and the ratio RV/TLC by body plethysmog- 
raphy (Dubois et al., 19562). 
(5) Airways resistance (Raw) and specific conduct- 
ance (SGaw) by body plethysmography (Dubois 
et al., 1956b). 
(6) The maximum expiratory flow volume (MEFV) 
loop (Pride, 1971). We took the peak flow from the 
loop and the maximum expiratory flow at 50% VC 
and calculated the ratio MEF3o/PEF. 
(7) In patients with abnormal airways resistance, 
PEF and FEV, were measured again after the 
patient had inhaled a bronchodilator drug. 
Symptoms recorded in Table I were recorded 
systematically before, during and after treatment, 
but a standard questionnaire was not used to deter- 
mine the degree of breathlessness. Improvement in 
breathlessness was recorded if the patient noted less 
dyspnoea on effort or at rest. 


TABLE I 
CLINICAL DETAILS 

























































[nome e ect SS en wp | 
| Presenting features 
Chronic | Smoker r= 
Cell | bron- | orex- | Breath- Haemop- Weight | CXR | 
No Age | Sex | type | chitis | smoker less Pain tysis Cough loss only | 
Group 1 1. 71 M {SQ + — z ee 
Central 2. 61 M US) — + ae 4 E a 
obstruction 3. 50 M {SQ ~ — — + — — vum 
4. | 54 | M {SQ hon une : p. us. 
5. | 61 M |AD a = 2 = ae | 4. ] 
6. 77 M |SQ + a i 2 aei eee 
7. 69 M |SQ 4 — PE = -0 = 
8. 70 M ISQ + " EE 
9. 60 M ISQ — — i z = e | 
Group 2A 10. 67 M jSQ — Me | 
Central, no 11. 55 M |NK ? + — — E os = 
obstruction 12. 55 F | UCL) 4 — — i ne = = 
Group 2B 13. 68 M |SQ — — 
Peripheral, no 14. 68 M INK ES — 4 
obstruction 15. 73 M US) + — — 
16 55 M |U — 
17 62 M IU — + — 
18 55 M |U(S —— — + 
19 56 M io" - as zx 
20 52 F {SC — — — 
i L 





























Cell type: SQ= squamous cell carcinoma; AD =adenocarcinoma; U = Undifferentiated, with (S) signifying small cell type 


and (L) large cell; NK =not known. 


Presenting features: “CXR” —tumour detected on chest film in a symptomless patient. 
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TABLE II 
INITIAL LUNG FUNCTION 





















































ae ao 
PEF PIF FEV1/VC Raw SGaw 
No l/min l/min 1 % kPa I sec | kPa-!secci 
Whole series 28 335 (96) 303 (95) 63 (14) | 0.2 (0.09) | 0.81 (1.27) | 
“predicted 58 — 90 — — 
normal 
Group 1 9 337 (95) 309 (103) 3.37 (0.2600! 62 (11) | 0.19 (0.1) 1.3 (0.8) 
Group 2 11 338 (114) 299 (76) 3.65 (0.6) | 61(18) | 0.21 (0.8) 1.1 (0.6) 
| Tico RV He TLC RV/TLC | MEFso | MEFs0/PEF 
mmol min-!kPa-! 1 1 1 95 l/sec pA 
Whole series 28 6.1 (1.7) 1.65 (0.74) |2.95(0.129)/6.48 (1.26) | 45 (011) | 1.82 (1.35) | 0,318 (0.124) 
95 predicted 71 — 131 104 117 33 — 
normal 
| Group 1 9 5.3 (1.4) *1.22 (0.27) 6.37 (0.69)|  45(7) 1.78 (1.28) | 0.312 (0.141) 
Group 2 E 11 6.6 (1.8) 2.14(0.79) 6.83 (1.17) | 45 (11) |1.90 (1.65) 10.321 (0.226) 




















Lung function results: mean values with one standard deviation in brackets. Normal values are taken from Cotes (1975b) 
except for MEFso (Bass, 1973). Normal range for Raw is 0.05 to 0.2, for SGaw 1.3 to 3.5. 
"Difference between means significant at 5% level by paired t-test. 


The clinical details of the patients were not known 
to the persons performing the lung function tests. 


RESULTS 

Some clinical details of patients in Groups 1 and 2 
are given in Table I. Eight out of ten cases of 
squamous cell carcinoma had central tumours and of 
these seven were obstructive; whereas of seven cases 
with undifferentiated cells, only two were central 
and one obstructive. This difference in central v. 
peripheral distribution of the two tumour types is 
significant at the 5% level (y? test, one degree of 
freedom). 

Twelve patients had productive cough on most 
days for at least three months of the year for at least 
two years, and were designated as having chronic 
bronchitis. All patients were or had been smokers. 

Breathlessness on presentation was notably more 
common in patients with central tumours (6/12) than 
in those with peripheral lesions (1/8, P< 0.05 by x? 
test). All six patients with central tumours said their 
breathlessness was improved after radiotherapy, 
whereas the single breathless patient with a periph- 
eral carcinoma did not. 


Initial lung function (Table 11) 

Most of the patients had obvious airways obstruc- 
tion, and mean results for the group as a whole show 
the characteristic low PEF, FEV, and FEVi/VC, 
with raised RV and RV/TLC signifying hyper- 
inflation. Fifteen of the 28 patients had a forced 
expiratory ratio of less than 659. Of the remaining 
13, ten had either a ratio for RV/TLC of more than 
120%, predicted normal; or Raw greater than 


0.2 kPa 1-1 sec; or SGaw less than 1.3 kPa- secl; 
or MEFs less than 60% predicted normal; or some 
combination of these abnormalities. Thus, only three 
of the 28 subjects had no evidence of airways 
obstruction. 

There was no significant difference between means 
in Groups | and 2 for any measurement except 
RVie, where the patients with central obstruction 
had a lower mean value (1.22 1) than those without 
(2.14 1). 


Lung function at three weeks and six months 

Mean results for the first (pre-treatment) attend- 
ance were compared with those at six weeks and 
three months by paired t-test. There were no signifi- 
cant changes in any measurement (including RV ye) 
for the entire series of 28 patients or for Groups 1 
and 2 taken separately. The only trend approaching 
significance was in Treo, which decreased by 
1.1 mmol min-! kPa-! at three months in the whole 
series, and by 1.5 mmol min-! kPa-! in Group 2. 


Bronchodilator effect 

No patient had a history suggestive of asthma. 
Five patients had an increase of PEF and FEV, of 
more than 10% on one occasion, two showed such 
increases twice, and one on three occasions. 


Discussion 
Fifteen of our 28 patients had a low forced 
expiratory ratio (FEV;/FVC) and ten had definite 
but more subtle evidence of airways obstruction, 
particularly marked in the maximum expiratory flow 
at 509 VC. Only three had normal airway function. 
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The mean forced expiratory ratio for our patients 
was 63%, similar to the figure of 61°% obtained by 
Caplin and Festenstein (1975) and to the 65% found 
by Legge and Palmer (1973). FEVj/FVC was less 
than 50°%, in five (1895) of our patients, and in 16% 
of those studied by Caplin and Festenstein (1975). 
These workers felt that the prevalence of severe 
airways obstruction (FEV;/FVC « 5095) in patients 
with carcinoma was low, when they were compared 
with chronic bronchitis subjects of similar age with 
comparabl e duration of productive cough. Their 
series refers to patients considered for surgery where 
patients with severe respiratory disability may have 
missed selection, whereas ours were referred specific- 
ally for radiotherapy, and presumably younger and 
fitter patients with operable tumours were excluded. 
We were surprised to find that our results for forced 
expiratory ratio, which was their only measurement, 
are similar to theirs. 

We would prefer to stress the commonness in 
patients with bronchial carcinoma of mild or moder- 
ate airways obstruction, the incidence of which 
effectively impeded the search for lung function 
criteria of central airway narrowing in our patients. 
Caplin and Festenstein do not refer to this aspect, 
while Legge and Palmer (1973) surprisingly state 
that airways obstruction due to large centrally placed 
tumours was not seen in their series of 330 patients 
with bronchial carcinoma. 

A fixed expiratory obstruction in central airways 
may decrease PEF without altering maximum flow in 
the later part of forced expiration (Harrison, 1976); 
we examined MEFSo/PEF believing that the ratio 
might be higher in the group with central obstruc- 
tion, but there was wide inter-subject variation and 
no significant difference. A more recently developed 
technique which tests the effect of breathing a 
helium-oxygen mixture on maximum expiratory 
Hows might well have helped to distinguish localized 
narrowing in central airways from diffuse peripheral 
obstruction (Despas et al., 1972) but it was not 
available at the time of the study. 

When measuring transfer factor (diffusing ca- 
pacity) for carbon monoxide by the single breath 
technique, a helium tracer is included in the inspir- 
ate; from the inspired concentration of helium and 
the concentration on the alveolar plateau recorded 
during expiration the "effective" volume in which 
the carbon monoxide is diluted can be calculated. 
RV ge is derived from this volume and was signifi- 
cantly lower in patients with central obstruction. 
The difference between RVge and true RV by 
plethysmography represents a poorly ventilated lung 
volume (1.6 1 in Group 1 and 1.0 1 in Group 2 


Table II). Our findings could be explained if we 
assume the presence of a large poorly ventilated 
volume of lung behind the central constriction which 
would receive very little helium during a single 

breath but which would be accurately measured by 
plethysmography. On the other hand Simonsson and 
Malmberg (1964) found no alteration of the single 
breath nitrogen washout plateau in patients with 
central obstructive tumours. 

We could find no significant changes in mean lung 
function measurements (including RVge and the 
difference between RV and RVg,) over the three 
month period of observation. Deeley (1960) showed 
radiological evidence of lung shrinkage in patients 
with carcinoma of the bronchus two months after a 
course of 4500 rad, with small increases in VC and 
maximum breathing capacity. It is not clear how 
many of his subjects had chronic peripheral airways 
obstruction. Emirgil and Heinemann (1961) found in 
their patients after radiotherapy early and progres- 
sive reduction of RV and TLC with normal RV/ 
TLC ratio, and a fall in T zco at 60 to 160 days which 
was sometimes transient. Eleven of their 15 patients 
were treated for mammary carcinoma and had pre- 
sumably normal lungs, when the effect of radiation 
alone could be more precisely studied. 

We were surprised by the correlation between 
central obstruction and breathlessness as a present- 
ing symptom, and all patients with this combination 
claimed that their breathing was improved after 
treatment. Breathlessness is not normally regarded 
as a symptom which can be improved by radio- 
therapy and we can only speculate about mechanisms 
by which it may be relieved. In general any in- 
creased respiratory load, either resistive (airways 
obstruction) or elastic (pulmonary fibrosis or infiltra- 
tion) may cause dyspnoea. Certainly we would not 
expect radiotherapy to improve breathlessness due 


to the latter cause, but it is conceivable that relief of 


a central airways block might do so—yet there was 
no uniform evidence that airways resistance (or 
RV ue) was improved by radiotherapy. 

Whatever the mechanism, we conclude that radio- 
therapy may have a palliative effect on breathlessness 
in patients without widespread tumour infiltration 
but with central obstruction to large airways. 
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Book review 


Current concepts in radiology. Vol, 3. Edited by E. James 
Potchen, pp, xvi+453, 487 illus., 1977 (C. V. Mosby Co., 
rope Louis; Distributed in U.K. by Henry Kimpton), 
32°10, 

This is a collection of 17 pieces by 35 authors, ranging 
very widely from chapter one ‘Information systems in 
departmental operations" to chapter 17 “Evaluation of 
diagnostic screening tests: a case study in hypertension", 
The subjects include computed tomography (four chapters), 
detection of breast cancer and of thrombus, radionuclide 
imaging of bone, myocardium and liver. There are 3 
chapters on pulmonary topics: pleural effusions, linear 
shadows on chest X rays, and electrocoagulation of small 
lung tumours, 

The editor hopes that “the essays provide a somewhat 
balanced appreciation of the excitement engendered by 
re-evaluation of past experiences in an amalgamation of the 
newer technologies". This is therefore by design a very 
mixed bag. Some pieces are luxury items that would not 
readily be chosen by workaday radiologists, for instance a 
chapter on ''Comparative radiology: dysplasias of the 
canine forelimb”. One chapter on departmental organiz- 
ation is a theoretical catalogue of “Problem identification 
and solution", with sentences like ‘“The parameters of the 
reference data available for input are contained in a synoptic 
lexicon of anatomic, pathologic, support, and related func- 
tional terms", . 

It does not make me a chauvinist reviewer, I think, if the 
one radiologist contributor from this country stands out 
like a jewel: David "Trapnell on “Linear shadows in chest 


’ 


radiographs”. This is a splendid chapter, informative and 
stylish, with more science in its author’s little finger than in 
the leaden heads of some other contributors. 

There are two big chapters reviewing their authors’ long 
clinical and experimental preoccupations. Both have "some" 
in their titles—can I found a club for people who forswear 
this feeble, meaningless adjective in medicine? I very much 
enjoyed Joseph Whalen and his colleagues from Cornell 
University on ‘Some metabolic considerations in bone 
disease", They grasp the opportunity offered by this sort of 
volume: of carefully simplifying and summing up the work 
and thought of several years. They have written a good 
current guide to metabolic bone disease, stimulating and 
nicely controversial (e.g. on osteoporosis). Everette James 
and Hugh Davson on ''Some basic considerations of 
cerebrospinal fluid physiology as reflected by CSF imaging” 
also deal with several years' work, mainly on communicating 
hydrocephalus. Though their studies are interesting, they 
are less successful in guiding the reader through the maze. 
Their last section “CSF drainage and absorption", for 
instance, is 20 pages of continuous text and illustrations 
without a single subheading. 

The last chapter on the care and cost of investigating 
patients with hypertension is a delightful summary of 
Barbara McNeil's and James Adelstein's remarkable 1975 
work from Harvard. 

A handful of chapters in this volume strike me as excel- 
lent. These are probably just enough to make larger 
libraries consider the book, but it costs £3210. 

‘THOMAS SHERWOOD. 
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ABSTRACT 

We have characterized selected populations of fibrosar- 
coma cells separated on density gradients of Renografin 
with respect to distribution in the cell cycle, clonogenic 
ability, and response to radiation. The latter two parameters 
have been observed to be related to the density of the cells, 
the denser populations being less clonogenic but more 
resistant to both low and high LET radiation. We have 
determined that these cells effectively repair potentially 
lethal damage if allowed to remain in situ following exposure 
to low LET radiation, This repair ability is not observed, 
however, following neutron irradiation. In addition, cells 
left in situ are relatively more sensitive to low doses of either 
low or high LET radiation. This difference in response is 
believed to be due to differences in the expression of damage 
by cells left in situ as compared to those assayed immedi- 
ately. These data reflect the usefulness of cell separation 
methods in the study of solid tumour systems. Specifically, 
these methods reduce the heterogeneity found in the solid 
tumour by allowing for the isolation of subpopulations 
which then can be studied either individually or in relation 
to the entire tumour. 


The response of selected tumour cell populations 
separated from a murine fibrosarcoma (FSa) and 
irradiated in situ with cyclotron-generated neutrons 
is described in this communication. The eradi- 
cation or control of solid tumours growing in either 
human or animal hosts by radiation therapy is the 
result of the successful destruction or sterilization of 
all of the clonogenic cells present. While the primary 
tumour mass can be considered as a single entity, it 
is actually a complex and heterogenous cell system 
composed of neoplastic cells existing under a variety 
of physiological conditions. These include, in part, 
proliferating tumour cells amply supplied with the 
essential nutritional requirements for growth, non- 
proliferating or Go tumour cells which under the 
proper conditions might be recruited to re-enter a 
proliferative phase, and tumour cells which are 
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United States Department of Agriculture and Department 
of Health, Education, and Welfare, National Institutes of 
Health regulations and standards, 
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about to lyse or die. Coupled with the above con- 
ditions are differences in the oxygen tension to which 
the various classes of cells are exposed. And, finally, 
variations in pH and differences with respect to cell- 
to-cell contact also exist and can affect the radiation 
response of cells within the environment of the 
tumour. All of these factors can have an effect on the 
radiocurability of the tumour. 

With the advent of cell separation techniques, 
selected cell populations can be separated from 
complex cell systems such as solid tumours and 
studied individually. These separation procedures, 
developed to exploit certain physical differences 
which exist between morphologically similar cells, 
are based on the premise that variations in physical 
parameters such as density, size, and shape may also 
be indicative of functional differences. Enriched 
populations of clonogenic tumour cells have been 
successfully separated from disaggregated solid tu- 
mours by means of density (Pertoft, 1970) and 
velocity (Pretlow and Boone, 1970) gradient centri- 
fugation. We have previously described in detail a 
procedure for the separation of at least five popula- 
tions of cells, each differing in clonogenic ability, 
from a murine fibrosarcoma, by equilibrium density 
centrifugation using Renografin as the separation 
medium (Grdina et al., 1975). Two of these popu- 
lations, as well as the unseparated tumour popu- 
lation, were further characterized with respect to 
their response to ionizing radiation (Grdina et al., 
1976). These two populations designated band 2, 
p=1.08 g/cm3, and band 4, p 1.14 g/cm”, were 
separated after exposure of the FSa tumour in situ to 
137Cs y radiation, and each differed in its response to 
irradiation. The band 2 population had a relatively 
large fraction of sensitive cells and a more resistant 
component, presumably hypoxic, whose response 
wes apparent at doses greater than 1000 rad. Under 
conditions of acute hypoxia, however, all of the cells 
in this population became significantly more radio- 
resistant. In contrast, the band 4 population con- 
sisted of relatively radioresistant cells which, even 
under conditions of acute hypoxia, exhibited no 
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change in radiation sensitivity. We have now charac- 
terized the response of these populations to ir- 
radiation im situ with fast neutrons generated at the 
Texas A&M University variable energy cyclotron 
(TAMVEC). 

Implanted tumours were irradiated with fast neu- 
trons or 197Cs y rays. After irradiation the tumours 
were excised and tumour cells were made into single- 
cell suspensions for assay of reproductive integrity. 
Recovery from potentially lethal damage was studied 
by excising the tumours immediately or six hours 
after irradiation. Survival was tested by lung-colony 
assay in mice which had received whole-body ir- 
radiation plus svngeneic bone-marrow cells. Aliquots 
of the tumour-cell suspensions were separated on 
density-gradients into two groups (band 2 and band 
4) before assay by the lung-colony technique. Other 
aliquots were assayed by flow microfluorometry in 
order to determine the age distribution of irradi- 
ated cells. 


MATERIALS AND METHODS 

Mice and Tumours 

Female CgHf/Bu mice from our specific pathogen- 
free breeding colony were eight to ten weeks old at 
the beginning of each experiment. Animals were 
kept five or six to a cage and maintained on a 
sterilized pellet diet and sterile water. 

Fourth-generation isotransplants of a methyl- 
cholanthrene-induced fibrosarcoma were stored in a 
liquid nitrogen refrigerator, and experiments were 
restricted to tumours of the fifth generation. Tu- 
mour cells were implanted subcutaneously (sc) into 
each of the hindlegs of the test animals. All exper- 
iments were performed using tumours 12-14 mm in 
diameter. 


Irradiation 

Mice to be used in a lung colony assay were whole- 
body irradiated (WBI) with 1000 rad of y rays from a 
single !3?Cs source, at a dose rate of 295 rad/min., 
one day prior to inoculation of tumour cells. This 
was done to increase the efficiency of the lung colony 
assay (Grdina et al., 1975). Each WBI mouse was 
injected intravenously (iv) with 5x 109 syngeneic 
bone marrow cells two hours after irradiation. 

Neutron irradiations were performed at Texas 
A&M University using the variable energy 88 inch 
cyclotron (TAMVEC) following procedures des- 
cribed elsewhere (Withers et aL, 1974a). Briefly, 
neutrons having a mean energy of 22 MeV were 
produced by bombarding a beryllium target with a 
beam of 50 MeV deuterons [Ea —50 MeV (Be)]. The 


energy designation to be used in this report refers to 
the energy of the incident deutrons. The dose in 
rads (n--y) was computed using the Bragg-Gray 
relationship following methods described elsewhere 
(Almond et al., 1973). The gamma contribution to 
the total dose was about 5% (Almond et al., 1973). 
The doses expressed are the total neutron-}-y-ray 
doses, and the dose rate was 90 rad/min. Exposures 
were monitored by two back to back sealed trans- 
mission chambers connected to integrators and 
placed in the neutron beam (Withers et al., 1974b). 

'Tumour-bearing mice used in these experiments 
with neutrons were positioned individually in eight 
Lucite chambers within a 15 cm diameter circle on 
the front face of a 40 cm cubical Lucite tank con- 
taining tissue-equivalent liquid (Frigerio et al, 
1972). The distance from the target to surface of the 
Lucite (Perspex) mouse holder was 140 cm. 

The y-ray irradiations of tumour-bearing mice 
were performed at M.D. Anderson Hospital and 
Tumor Institute using a dual-source !3?Cs unit 
(AECL) (Hranitzky et al., 1973). The dose rate was 
about 1060 rad/min as determined by lithium fluo- 
ride thermoluminescent dosimetry. All animals were 
irradiated in air without anaesthesia. 


Bone marrow and tumour cell suspension 

Donor C3Hf/bu mice were sacrificed and bone 
marrow from their tibias and femurs was removed 
by forcing medium 199 (Difco Laboratories, Inc., 
Detroit, Michigan) through a 26-gauge needle into 
the marrow cavity. About 5x 109 viable nucleated 
bone marrow cells were then injected into the lateral 
tail vein of each WBI mouse. 

After exposure to selected doses of radiation, four 
to six tumours in each group were made into single 
cell suspensions following a method described in 
detail elsewhere (Grdina et aL, 1976). In brief, 
selected non-necrotic tumour tissue was finely 
minced and subjected to digestion for 20 min at 
room temperature with trypsin made up to 0.025% 
in Solution A (8.0 g NaCl, 0.4 g KCI, 1.0 g glucose, 
and 0.35 g NaHCO; in one litre of water). DNase 
(Deoxyribonuclease 1, crude beef pancreas; Sigma 
Chemical Company, St. Louis, Mo.) was also added 
to a final concentration of 0.1 mg/ml. After 15 min of 
stirring, the undigested tissue was allowed to settle 
to the bottom of the beaker, and the upper two- 
thirds of the suspension was removed and mixed 
with an equal volume of medium 199 supplemented 
with 5°, heat-inactivated fetal calf serum. The 
suspension was passed through a stainless steel 
mesh (80 wires/cm) and then centrifuged twice at 
225 g for five minutes. The supernatant was 
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discarded and the cell pellet was resuspended in 
medium 199 with 5% serum. 

Allcell counts were performed using a haemaocyto- 
meter, and those cells which appeared morpho- 
logically normal under phase contrast microscopy 
were counted as viable. Throughout the range of 
radiation doses used, the cells counted as viable in 
the resulting suspension were routinely found to be 
greater than 9595, and the yield of cells was about 
108 per g of excised tumour tissue. 


Gradients 

'Tumour cells were separated on sterile preformed 
density gradients of Renografin-60 (methyl-glu- 
camine N, N'-diacetyl-3, 5-diamino 2, 4, 6-tri- 
iodobenzoate, E. R. Squibb and Sons, New York, 
N.Y.) following a procedure described in detail 
elsewhere (Grdina et al., 1975). Because of the lack 





USC: Ohr 
n = 195 


107 Do= 181 


Surviving Fraction 


of the necessary facilities available to us at the Texas 
A&M cyclotron installation, all cell separations had 
to be performed at M.D. Anderson Hospital and 
Tumor Institute. This necessitated a delay of four 
to six hours from the time of neutron irradiation of 
the tumour-bearing mice to the time at which they 
were sacrificed. Experiments involving unseparated 
tumour cell suspensions were performed both at 
Texas A & M and at M.D. Anderson. 

Between 5x107 and 8x107 viable cells were 
separated in 34 ml gradients of 10 to 35% Reno- 
grafin diluted with Ringer’s solution, USP (Baxter 
Laboratories, Division of Travenol Laboratories, 
Inc., Morton Grove, IIL). Gradients were cen- 
trifuged for 30 min in SW27 tubes at 10000 RPM 
(about 13000 g) at 4°C in a Beckman model L5-50 
preparative ultracentrifuge. The selected cell popu- 
lations, bands 2 and 4, were removed by introducing 
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a sterile 25 gauge needle on a 3 ml syringe through 
the side of the centrifuge tube at the base of the 
desired band. From the 2 to 3 ml of Renografin 
collected, a drop was removed and its refractive 
index was measured using a Zeiss refractometer 
(Grdina et al., 1973). The remaining aliquot of cells 
was diluted 1:10 with medium 199 containing 5%, 
serum and then centrifuged in a clinical bench-top 
centrifuge for seven minutes at 450 g. Each resulting 
pellet was resuspended in fresh medium 199 con- 
taining 5% serum and then kept in an ice bath while 
cell counts were made. 


LUNG COLONY Assay 

A lung colony assay was used to determine cell 
clonogenicity. WBI mice were injected iv with 0.5 
ml of a tumour cell suspension containing a known 
number of tumour cells whose clonogenicity was to 
be measured (Grdina ef al., 1976). In each 0.5 ml of 
tumour cell suspension, there were an additional 
108 plastic microspheres, 15--5 um in diameter, 
obtained from the 3M Corporation, Nuclear Pro- 
ducts Division, Minn. Plastic microspheres were 
added to increase the efficiency of the lung colony 
assay. Each experimental group contained six mice. 
Thirteen days following injection, the mice were 
sacrificed, their lungs removed, and the lobes separ- 
ated and fixed in Bouin's solution. Colonies of tu- 
mour cells appeared as white, round nodules on the 
surface of the yellowish lung and were counted with 
the naked eye. 

Survival curves were constructed after deter- 
mining the surviving fraction of cells at each of the 
doses of radiation used. The surviving fraction of 
cells for the irradiated tumours was determined by 
dividing the number of tumour nodules formed per 
cell injected (cloning efficiency) for cells from ir- 
radiated tumours by the cloning efficiency for cells 
from untreated control tumours. The standard 
errors of the means are presented for all surviving 
fractions. Survival curve parameters Do and n and 
their 95°, confidence limits were computed by 
linear regression analysis. These calculations were 
made on all neutron surviving fractions at doses 
from 250 rad and greater and y-ray surviving frac- 
tions at doses from 1000 rad and greater. These 
points were chosen because they appeared to form 
the linear portion of the curves. Each of the neutron 
survival curves was compared with that of the un- 
separated control (USC) survival curve obtained at 
M.D. Anderson Hospital (i.e. delay of four to six 
hours from time of irradiation to the sacrifice of the 
animals and removal of the tumours). 

Slopes of the survival curves were compared by 


testing for parallelism using an analysis of covariance 
(Brownlee, 1965). Other results were statistically 
evaluated with the Student's ¢ test. 


FLOW MICROFLUOROMETRY ANALYSIS OF 
CELLULAR DNA CONTENT 
The DNA content of selected FSa tumour popu- 
lations separated on. Renografin gradients was ana- 
lysed by flow microfluorometry (FMF). Cells 
analysed by this method were first fixed in 70% 
ethanol and then stained with mithramycin (Mith- 
racin, Chas. Pfizer and Co., Inc., New York, N.Y.), 
a DNA-specific fluorescent dye that preferentially 
forms complexes with native DNA, following the 
technique of Crissman and Tobey (1974) as modified 
by Barlogie et al. (1976). The staining solution con- 
tained mithramycin, 50 ug/ml, and MgCle (7.5 mM) 
in 12.5% aqueous ethanol). Cellular DNA content 
was measured using a flow microfluorometer des- 
cribed by Steinkamp et al. (1973), utilizing a laser 
wave-length setting of 457 nm. All microfluoro- 
metric analyses were performed in the Physics De- 
partment at the University of Houston. 
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Survival curves for USC-FSa cells presented in Fig. 1 are 
plotted together for comparison. 
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The mathematical model used to fit these flow 
microfluorometry data is described elsewhere (Fried, 
1976). Since the Gi and Go, and the Go and M- 
phase cells share the same DNA content and cannot 
be distinguished from each other, regions of the 
DNA-fluorescent profiles representing these cells 
have been designated Gyo and Ga--.M (Barlogie et 
al., 1976). The percentage coefficient of variation 
(CV), an estimate of the variabilty of the fluor- 
escence of stained DNA in Gio cells, is 100 times 
the standard deviation divided by the mean. The 
coefficient of variation of the peak representing G1/o 
tumour cells was routinely about 994. In many cases, 
the data we analyzed were offset either to the right or 
left of the origin on the abscissa. Consequently, the 


1 


observed mean of the Gə-+M peak was not always 
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positioned at twice the channel number of that 
observed for the mean of the Gio peak. An estimate 
of the normal cell contamination in each of the 
tumour cell suspensions was made by determining 
the area under the Gj;o normal peak and dividing it 
by the area under the total DNA histogram (i.e. the 
area under both the tumour and normal peaks). 


RESULTS 
Experiments were conducted to characterize the 
response of selected tumour populations from a 
murine fibrosarcoma after exposure in situ to fast 


radiation appeared to have no effect on either the 
position or the number of cell populations banding 
after centrifugation in Renografin gradients. Since 
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Survival curves for FSa cells separated in Renografin gradients six hours following irradiation in situ under air breathing 
conditions with Ea=50 MeV (Be) neutrons. Each curve is the average of two experiments. The ranges shown for each point 
represent 1 S.E. 
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Survival curves for FSa cells presented in Fig. 1 and Fig. 3 
are plotted together for comparison. 


relatively large numbers of animals and a large 
quantity of tumour tissue were required for the lung 
colony assay, the experiments were limited to un- 
separated (USC) cells, band 2 cells (B2), and band 4 
(B4) cells. These latter two populations routinely 
contained about 11% and 25% respectively of the 
cells recovered from the gradient (Grdina et al., 
1976). 

As described earlier, the necessary facilities were 
not available at Texas A & M University to conduct 
the cell separation experiments. Experiments were 
performed at the cyclotron facility, however, using 
unseparated cell populations. Survival curves for 
unseparated cells (USC) assayed immediately after 
irradiation at ‘Texas A & M University (USC:0 h) or 
after a six-hour delay at the M.D. Anderson Hos- 
pital (USC:6 h) are presented in Fig. 1. Each 
survival curve is the average of two separate ex- 
periments with tumour cell survival assayed in at 
least 12 mice per experimental point. The cloning 
efficiency of unirradiated USC cells varied from 1.1 
to 1.675. No difference in cloning efficiency was 
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Survival curves for unseparated control FSa cells (USC) 

irradiated in situ with 137Cs y rays and assayed either im- 

mediately (USC: 0 h) or six hours following irradiation 

(USC: 6 h). Each curve is the average of two experiments. 
The ranges shown for each point represent 1 S.E. 


apparent between cell suspensions of unirradiated 
tumours used as controls in the USC:0 h and the 
USC:6 h experiments. The values of Do, n and 
associated 95% confidence limits of the USC: 0 h 
and USC: 6 h survival curves are: Dy —181 (175- 
187) rad, n —1.95 (1.67-2.28) and Dg —202 (196-208) 
rad, 2—0.75 (0.67-0.85), respectively. The differ- 
ence between the slopes of these two curves is 
significant (P« 0.05). To facilitate a comparison, 
both curves are presented in Fig. 2. 

The dose response curves of B2 and B4 cells are 
presented in Fig. 3. 'The cloning efficiency of un- 
irradiated B2 and B4 cells varied from 1.5 to 2.0% 
and 1.0 to 1.295, respectively. The B2 cells (Dg==145 
(138-152) rad) appeared to be more sensitive to 
neutrons than B4 cells (Do==198 (189-207) rad). 
"These two curves along with the USC: 6 h survival 
curve are presented in Fig. 4 for comparison. The 
slopes of the B2 and USC: 6 h curves are signifi- 
cantly different (P< 0.01), while those of the B4 and 
USC: 6h curves are not (P< 0.1). 

The ability of fibrosarcoma cells (unseparated) to 
repair potentially lethal damage (PLD) after ir- 
radiation zn situ with 187Cs y-rays was determined. 
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TABLE I 
REPAIR OF POTENTIALLY LETHAL DAMAGE 





Dose (rad) 







Surviving fraction (95) 





P ratio (6 h/0 h) 


Surviving fraction | 










1000 (Ea — 50 MeV (Be) n) 0.68 2-0.11 
1250 (Ea — 50 MeV (Be) n) 0.16 £0.03 
2500 (13? Cs-y) 0.552-0.04 
3000 (137Cs-y) 0.16 £0.02 








*Mean t:S.E. 
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Survival curves for FSa cells (USC, band 2 and band 4) irradiated in situ with either !3?Cs y rays or Ea=50 MeV (Be) 
neutrons. 


Tumour bearing mice were either sacrificed im- 
mediately following irradiation. of the tumours 
(USC: 0 h) or after a 6 h delay (USC: 6 h). The 
two y-ray survival curves are presented in Fig. 5 for 
comparison. At low doses of y radiation fibrosar- 
coma cells appear to be more radiosensitive if sur- 
vival analysis is delayed for six hours following ex- 
posure. A similar result is also observed following 
neutron irradiation (see Fig. 1, 125 rad point). 
Since the ability to repair potentially lethal damage 
is expressed by viable cells existing under relatively 
adverse environmental conditions, the proportion of 
these cells comprising the surviving population 
should be relatively greater following the larger 
doses of radiation. The divergence of the terminal 
portion of the survival curve at 6 h delay from that 
at 0 h reflects this phenomenon: USC: 0 h, Do—413 
(375-460) rad n=2.3 (1.24.3) and USC: 6 h, Do— 
850 (713-1053) rad, n—0.57 (0.47-0.70) (see Fig. 


5). To better compare the ability of fibrosarcoma 
cells to repair potentially lethal damage following 
irradiation with neutrons and y-rays the surviving 
fractions of these cells at the relatively larger doses 
(less than 194 survivors) were used. The results are 
presented in Table I. Very little, if any, repair of 
potentially lethal damage occurred following neutron 
irradiation. Differences in surviving fractions at 0 
and 6 hours after neutron exposure were not found 
to be significant (P7 0.5 and P<0.1 for doses of 
1000 and 1250 rads respectively). 

Because of the lack of ability of USC-FSa cells to 
repair PLD following fast neutron irradiation, the 
relative biological effectiveness (RBE) for E4--50 
MeV (Be) neutrons and 137Cs y rays was determined 
by comparing the dose of y rays required to produce 
a given cellular survival (tumour-bearing mice sacri- 
ficed immediately after irradiation) to the neutron 
dose required to produce the same level of survival 
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TABLE II 


RBE vaLuss ror Ea4—50MEV (BE) NEUTRONS vs. 137Cs 
Y-RAYS FOR KILLING FSA CELLS 








i 
| Surviving 
| fraction (%) | USC:0h* |USC:6hrt| Bot 


2.5 3.1 3.4 3.7 
1 2.4 2.5 3.5 2.9 
0.1 2.4 2.4 33 2.7 





* Cell survival assayed immediately after neutron irradiation 
at Texas A & M University. 
TCell survival assayed approximately six hours after neutron 
irradiation at the M.D. Anderson Hospital. 


(tumour-bearing mice sacrificed immediately or four 
to six hours after irradiation). The RBE values, 
calculated from the survival curves in Fig. 6 are 
presented in T'able II. 

Cell cycle parameters of FSa tumours were deter- 
mined using flow microfluorometry. Presented in 
Fig. 7 are DNA profiles of a normal spleen cell 
suspension, an FSasuspension, and suspensions con- 
taining an admixture of FSa cells and spleen cells in 
ratios of 10 to 1 and 1 to 1, respectively. The DNA 
profiles of the FSa suspensions consist of a peak 
representing normal cells in the G1;9 phase of growth 
and peaks representing Gyo and Gs4-M tumour 
cells located at channel numbers about 2x and 4 x 
larger respectively. While it is uncertain as to the 
relative proportion of normal cells in the S and Go-+ 
M phases contaminating the tumour suspension (i.e. 
fluorescence from these cells would be at the same 
channel numbers as those of G, tumour cells), an 
approximation to the relative number of normal 
cells present in each tumour suspension can be made 
by simply integrating the area under the Gi normal 
peak and dividing it by the area under the entire 
profile. 

Representative DNA profiles of USC, B2 and B4 
populations, either unirradiated or six hours after 
irradiation with 500 rad of fast neutrons, are pre- 
sented in Fig. 8. The B4 population in these exper- 
iments appears to contain the largest concentration 
of normal cells, Tumour cells in each of the three 
populations (USC, B2 and B4) are distributed 
throughout the cell cycle. While no correlation 
between cell cycle parameters and density of the 
cells is apparent the B2 population does contain the 


Fic. 7. 


Distributions of DNA content using flow microfluorometry 
analvsis of normal diploid spleen cells and heteroploid 
(USC-FSa cells) measured either alone or in combination 

with each other. 
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largest proportion of Gio cells. Regardless of the 
initial composition of the USC, B2 and B4 popu- 
lations with respect to cell cycle parameters, in- 
creased numbers of cells in each of these populations 
appeared to be blocked in the Gs--M phase six 
hours following irradiation (t.e. USC, 19 vs. 30%; 
B2, 12 vs. 19% : and B4, 16 vs. 21%). 
DISCUSSION 

By employing separation procedures designed to 
exploit differences in the density of cells, at least five 
populations, each differing in clonogenic ability and 
sensitivity to ionizing radiation, can be separated 
from a murine fibrosarcoma (Grdina et al., 1975). 
Two of these populations, B2 and B4 banding at 
densities of 1.08 and 1.14, respectively, were selected 
for additional study because each was homogenous 
with respect to cell size and morphology, and each 
was relatively free of cellular debris and dead cells 
(Grdina et al., 19742). No correlation was found 
between the density at which the cells banded and 








their relative position in the cell cycle. This is in 
agreement with our previous report that tumour 
cells involved in DNA synthesis are distributed 
throughout the density range used in the gradients 
(Grdina et al., 1974a). Density invariance of cells 
throughout the cell cycle has also been reported for 
cultured cells such as Chinese Hamster and HeLa 
(Anderson et al., 1970; Wolff and Pertoft, 1972). 
The clonogenic ability of cells, however, is related to 
density. Enriched populations of clonogenic cells are 
routinely recovered at the lighter density regions of 
gradients when complex cell systems such as solid 
tumours in vivo (Pertoft, 1970; Grdina et al., 1975) 
and cultured cells grown to plateau phase im vitro 
(Grdina et al., 1974b) are separated. 

Along with characterizing the cell cycle para- 
meters of the separated FSa populations, the method 
of flow microfluorometry was used to estimate the 
relative proportion of normal diploid cells present in 
each of the suspensions containing heteroploid tu- 
mour cells. These values routinely ranged from 5 to 
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Distributions of DNA content using flow microfluorometry analysis of FSa cells (USC, B2, and B4) either before or six hours 


following irradiation t» situ with 500 rad of Ea—50 MeV (Be) neutrons. 
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1595 in the tumour cell suspensions used in this 
study. The normal cells are probably derived from 
stroma, inflammatory infiltrate and vascular tissue 
which can be excised along with the tumour ma- 
terial. Using phase contrast microscopy, only the 
small lymphocytes could readily be identified, and 
these cells accounted for 4 to 8% of the total cell 
count. The effect of neutron irradiation on the age 
distribution of the various populations was deter- 
mined by comparing the DNA profiles of the un- 
irradiated controls with those from populations ir- 
radiated with fast neutrons. Irradiation induced a 
block in the (Gs-:- M) phase which was evident in 
each of the three populations six hours following 
irradiation. Similar results using flow microfluoro- 
metry were reported for EMT-6 cells five hours after 
irradiation with X rays under in vitro conditions in 
air (Kal et al., 1975). 

As described earlier, the separation of FSa cells 
was delayed from four to six hours following ir- 
radiation in situ with Eq—50 MeV(Be) neutrons. 
Since only USC-FSa cells could be assayed im- 
mediately for clonogenicity, experiments were per- 
formed to determine whether these cells could repair 
potentially lethal damage following neutron and y- 
ray irradiation. Dose response curves were con- 
structed and compared for cells excised immediately 
(USC: 0 h) or six hours after (USC: 6 h) irradiation. 
Cells allowed to remain in situ for six hours were 
found to have responded more to radiation at low 
doses than those which were excised and assayed 
immediately (see Figs. | and 5). Differences in the 
expression of radiation damage as related to post 
environmental conditions have also been reported 
concerning the determination of oxygen enhance- 
ment ratios (OER) for tumour growth and cell 
survival (MeNally, 1973). The difference in OER 
for cell killing and tumour growth delay, 2.5 and 3.0 
respectively, was attributed to differences between 
the types of damage expressed when cells are left 
im situ as compared to when they are removed im- 
mediately. One possible explanation is that a pro- 
portion of the hypoxic cells which survived the 
radiation would die from the adverse environmental 
conditions if allowed to remain zn situ (McNally, 
1975). These cells are, presumably, rescued from 
this fate if they are removed and assayed immediately. 
This latter procedure would give rise to larger 
surviving fractions. It is also possible that radiation 
damage may become “fixed” in a certain fraction of 
cells if they are allowed to remain in situ following 
exposure. These cells might then be rescued from 
death if they are excised immediately and thus 
allowed to repair this damage under a new set of 


environmental conditions. While this phenomenon 
appears to be unrelated to the quality of radiation, 
(i.e. high or low LET) the same is not true con- 
cerning the ability of the cells left in situ to repair 
potentially lethal damage. The repair of potentially 
lethal damage is defined and measured operationally 
as the increase in the surviving fraction of cells 
following a relatively large single dose of radiation, 
as a function of the time they are maintained under 
various post-irradiation environmental conditions 
(i.e. the increase in surviving fraction as related to 
the increased time cells remain 7n situ prior to their 
removal for the lung colony assay) At the higher 
doses (i.e. 2500 and 3000 rad), the relative number of 
radioresistant cells capable of repairing potentially 
lethal damage should increase. This was clearly 
evident following y-ray irradiation of FSa cells 
(see Fig. 5). This phenomenon has been demon- 
strated in solid tumours following irradiation with 
X rays (Hahn et al., 1974; Urano et al., 1976). The 
maximum effect was measured for the largest dose 
given, 3000 rad. At this dose the surviving fraction of 
the FSa cells left in situ was 11 times greater than 
that found for cells excised immediately. In another 
tumour system, NR-S1 cells irradiated and held in 
situ for six hours yielded similar results, i.e. a ten- 
fold increase in the fraction of survivors exposed to 
3000 rad (Urano et al., 1976). In contrast, FSa cells, 
at these levels of survival, were unable to repair 
potentially lethal damage following neutron ir- 
radiation (see Table I) The inability of tumour 
cells to repair potentially lethal damage following 
neutron irradiation has also been reported for the 
Lewis lung carcinoma (Shipley et al, 1975) and 
Chinese hamster cells (Hall et al., 1976). 

By comparing the values of Do from survival 
curves of the two separated cell populations, the B2 
(Do==145 rad) appears to be more sensitive than the 
B4 (Do—198 rad) to irradiation with fast neutrons. 
This is consistent with an earlier report describing 
the relative radiation response of these cells (B2, 
Do==143 rad; B4, Do==193 rad) to low LET ir- 
radiation under zn vitro conditions in air (Grdina et 
al., 1975). 'The relative radiosensitivity of B2 cells 
was also observed following irradiation zn situ with 
137Cs y rays (Grdina et al., 1976). The B2 popu- 
lation appeared to consist of a large fraction of 
sensitive along with some radioresistant cells (ze. a 
biphasic survival curve) while the B4 population 
contained relatively radioresistant cells which were 
probably chronically hypoxic at the time of ir- 
radiation. 

RBE values were calculated by comparing the 
doses of fast neutrons and 137Cs y rays to achieve the 
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same levels of survival. These values are generally 
high for a single dose of radiation if either (a) a 
significant difference in the accumulation of sub- 
lethal damage exists (i.e. at low doses) or (b) the 
response of the hypoxic cells is predominant (i.e. at 
high doses) (Denekamp, 1974; Barendsen, 1974). 
The larger values of RBE calculated for the B4 as 
compared to USC population are due to the en- 
hanced concentration of radioresistant (hypoxic) 
cells in the former (Grdina et al., 1976). Large values 
of RBE are also calculated for the B2 population. As 
shown in Fig. 6 where the y ray survival curves 
previously determined at 0 hours after irradiation 
(Grdina et al., 1976) are compared with the neutron 
curves determined six hours after irradiation, the 
levels of survival chosen to determine the RBE are 
on the portion of the y ray curve describing the 
response of the more resistant fraction of cells (i.e. 
hypoxic). This, coupled with the radiosensitivity of 
these cells to fast neutrons, is the cause of the 
relatively large values of RBE. 
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ABSTRACT 

Adult mice were irradiated with between 7 and 15 Gy of 
X rays to the abdomen either before or after immersion of 
the lower half of the body in water at various temperatures. 
The thermal enhancement of X-irradiation damage to the 
intestine was estimated using survival at five days as the 
endpoint, Thermal enhancement ratios (defined as the ratio 
between the dose of X rays and the dose of X rays plus heat to 
produce the same level of damage) were calculated at the 
5095 survival level. If only a few minutes separated the appli- 
cation of heat and irradiation, the values obtained were simi- 
lar to those reported for other normal tissues. There was only 
a slight dependence on the sequence of the two treatments. 
As the time interval between the two treatments was in- 
creased the effect of heat was reduced and a normal irradia- 
tion response was obtained when the separation was greater 
than about four hours, The results are compared with those 
for other normal tissues and tumours and the relevance of 
these findings in the design of optimal therapeutic schedules 
of combined heat and X rays is discussed. 


It is now well established that hyperthermia is able 
to potentiate the effects of X irradiation on cells 
(Ben-Hur et al., 1974; Gerweck et al., 1975; Robin- 
son and Wizenberg, 1974), tumour pieces in vitro 
(Rohdenberg and Prime, 1921), tumours in vivo 
(Crile, 1963; Selawry et al., 1958; Thrall et al., 1975) 
and normal tissues (Robinson et al., 1974; Stewart 
and Denekamp, 1977; Field et al., 1977). It is also 
apparent that the extent of hyperthermic sensitiza- 
tion depends on the particular combination of the 
two treatments with regard to sequence and interval 
between them (Dewey et al, 1977) A useful 
approach to the treatment of cancer with combined 
heat and X rays may therefore be to study these 
temporal relationships in both tumours and normal 
tissues in order to try to find optimum treatment 
regimes, The present work is an investigation of the 
extent to which hyperthermia enhances X-ray 
damage to the small intestine of mice and a study of 
the effects of sequence and time interval, for com- 
parison with data for other normal tissues and 
tumours. Irradiation of mouse intestine may cause 
death after four to five days, due to the action of 
proteolytic enzymes and the loss of water and 
electrolyte following damage to the epithelial lining 
(Quastler, 1956). Survival at five days was the end- 
point used in our investigations, 


METHODS 

Female CFLP mice (10-12 weeks old) were 
anaesthetized using sodium  pentobarbitone at 
0.07 mg/g body weight. All X ray and heat treat- 
ments were carried out under anaesthesia. Where 
irradiation was given immediately after heating a 
small additional dose of anaesthetic was given. 'The 
whole of the abdomen was irradiated using 250 kV 
X rays, HVL 1.2 mm Cu, at a dose rate of 1.8 Gy/ 
min. The rest of the animal was shielded. Eighteen 
mice were used for each data point. Hyperthermia 
was achieved by immersion of the lower body up to 
the xiphisternum in a thermostatically controlled 
water bath (accurate to 0.05*C). Transfer of mice 
between heating and irradiation took two or three 
minutes. Intraperitoneal temperature was monitored 
using fine thermocouples which were accurate to 
0.1°C and had been calibrated against a mercury-in- 
glass thermometer. The temperature stabilized at 
0.2-0.4^C above the temperature of the water bath 
after approximately ten minutes of immersion. On 
removing mice from the water bath, intraperitoneal 
temperature fell rapidly. Figure 1 shows rectal and 
intraperitoneal temperatures of a mouse during and 
after immersion of the lower body in water at 
41.5°C, compared with the temperature of an un- 
heated but anaesthetized mouse. Heating times were 
taken from the time at which the temperature of the 
mouse had stabilized to the time of removal from the 
water bath. 

As intraperitoneal temperature was increased 
above 41.8°C the tolerance of the mice to hyper- 
thermia fell and survival was reduced, e.g. 509/, death 
occurred within six hours after heating at 42.3°C for 
60 minutes. At temperatures above 42.8^C mice died 
during heating, e.g. the mean survival time at 43.0°C 
was approximately 40 minutes. Injection of 0.5 ml 
glucose-saline (595-0.994) into the tail vein after 
treatment improved the probability of survival for 
temperatures up to 42°C but above this the injection 
had no beneficial effect. Mice which died within six 
hours after heating were excluded from the experi- 
ment. 
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Mouse temperature during and after lower body heating 
compared with that of an unheated, anaesthetized control. 
Heating was begun at time zero, which was approximately 
one minute after full anaesthesia had been achieved. 
Temperatures were monitored using thermocouples and are 
intraperitoneal, O, @; or rectal, A. Water bath tempera- 
ture was 41.5°C and heating was for 70 minutes. The data 
shown are from a single experiment but are typical. 


RESULTS 

Death due to mucosal injury did not occur after 
hyperthermia alone, and sections of the intestine 
appeared to be histologically normal. Death follow- 
ing irradiation plus heat had an identical time course 
to that following X rays alone, and the histological 
pattern of mucosal injury was similar. Thus thermal 
enhancement ratios could be calculated from dose- 
effect curves. The thermal enhancement ratio (or 
TER) is defined as the dose of X rays alone divided 
by the dose of X rays in combination with heating 
which produces the same level of damage (Robinson 
et al., 1974). Fifty percent survival at five days was 
taken as the reference level of injury. 

Figure 2 shows dose-effect curves for survival at 
five days after irradiation and demonstrates the 
potentiating effects of 60 minutes of hyperthermic 
treatment at various temperatures. Hyperthermia 
was given two to three minutes after the completion 
of irradiation. Thermal enhancement ratios (TER) 
were calculated from the curves of Fig. 2 and are 
given in Table I. No potentiating effect was obtained 
for 37°C heating. 

In a second series of experiments, the sequence of 
and the time between the two treatments were varied 
using a constant hyperthermic schedule of 41.8^C for 
60 minutes. TER results are shown in Fig. 3. As can 
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Effect of hyperthermia on the death of mice due to in- 

testinal damage after irradiation. Immediately after irradia- 

tion mice were treated for 60 minutes at the temperatures 

shown. Intraperitoneal temperatures are given, Eighteen 

mice were used for each treatment. Mean values from 

several experiments are presented. The bars represent 
standard errors. 


TABLE I 
"THERMAL ENHANCEMENT RATIOS 








Intraperitoneal | 
temperature, LD 50/5 days | 
CC) (Gy) TER | 
Untreated (31-34°) 13.50 1.00 | 
37.0 13.50 1.00 | 

41.3 12.00 1.13 | 

418 10.70 1:26 | 

42.1 8.20 1.65 | 











be seen, if the time interval was only a few minutes, 
the sequence of heat before irradiation was slightly 
more effective than heat following irradiation (TER 
1.30 compared with 1.26). As the time interval 
between the two treatments was increased, the 
potentiating effect of heat was lost. The decay was 
largely independent of the sequence of treatments 
and the response had fallen to approximately that for 
X irradiation alone by five hours. However, the 
recovery from the potentiating effect of heat was not 
related to time in a simple manner. The TER had a 
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Effect of sequence and time interval on thermal enhancement of mouse death resulting from irradiation damage to 

intestinal mucosa. ‘The heat treatment was 41.8°C for 60 minutes. TER values were calculated from dose effect curves 

(as seen in. Fig. 2) using the 50% survival level. Values are taken from survival data from several experiments, ‘The 
time intervals given were between the end of the first treatment and the beginning of the second, 


pronounced minimum value if heat was given 
1,5 hour before or after irradiation. The validity of 
this observation was confirmed by repeating the 
experiment on three separate occasions. Other 
Huctuations in the TER may not be significant. 


Discussion 
In this assay system the determination of TER for 
high temperatures is limited by the tolerance of the 
mice to the lower-body hyperthermia, The cause of 
this thermal death is probably a reduced blood 
volume and venous return, the haematocrit being 
increased by 1095 in mice heated at 41.8°C for 60 


minutes (Law and Hume, personal communication). 
For a 60 minute heating time, 42.0°C was the 
approximate limit for survival, although higher 
temperatures could be tolerated for shorter heating 
times. 

For a heating time of 60 minutes there is dramatic 
enhancement of radiation damage above about 41?C 
(Table I) 'TER values for injury to the mouse 
intestinal mucosa are similar to those obtained for 
other normal tissues for temperatures up to 43°C 
(see review by Law et al., 1977) although the in- 
testine may show a greater temperature dependence 
after a threshold temperature is reached (Merino 
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et al., 1978). It is certainly clear that for therapy with 
combined heating and irradiation, when the two are 
given either simultaneously or not widely separated 
in time, the dose of X rays must be reduced to avoid 
excessive normal tissue injury. 

'The effect of the sequence of heating and irradia- 
tion on thermal enhancement has been reported for 
several systems, both in vitro and in vivo. The 
response of cells in vitro has been reviewed (Gerner 
et al., 1975; Thrall et al., 1976) and varying results 
have been reported, although the combined etfect is 
generally reduced as the two treatments are separated 
by increasing time intervals. It has been postulated 
that variability in results is due to the different tem- 
peratures used, with higher hyperthermic "'doses" 
being more effective if given before X rays and lower 
hyperthermic “doses” more effective if given post- 
irradiation (Dewey et al., 1977). 

In vivo investigations have given more consistent 
results than have cells i vitro despite the greater 
physiological complexity. With both normal tissues 
and tumours there is some variation in the TER 
depending on which treatment is given first. This 
dependence on sequence is seen in the present ex- 
periments on intestinal damage (Fig. 3), pre- 
irradiation heating being slightly the more effective 
in enhancing X-ray damage when only a few minutes 
separate the two treatments. This result is consistent 
with that found in other normal tissues (e.g. Thrall 
et al., 1975; Stewart and Denekamp, 1977; Myers 
and Field, 1977; Law et al., 1977). 

With further separation of heat and irradiation 
there is progressive loss of interaction (Fig. 3). By 
four hours between the two treatments the heat has 
no potentiating effect on the response of the intestine 
to X rays. Superimposed on this loss of heat potenti- 
ation are pronounced minima at 30 minutes between 
the treatments regardless of which is given first. 
Other work on normal tissues 77 vivo has also indi- 
cated that the decay in potentiating effect of heat 
does not have a simple relationship with time but 
shows maxima and minima (Myers and Field, 1977; 
Law et al, 1977). The reasons for this pattern of 
response are not clear and require further investiga- 
tion, especially if heat and X rays are to be separated 
by intervals between a few minutes and a few hours 
in therapy. It is seen in Fig. 1 that the animals have 
fully cooled within a few minutes after heating so 
that fluctuations in body temperature at the time of 
irradiation are not a contributing factor. 

The results presented here (Fig. 3) and the data of 
some other workers using normal tissues of rodents 
have been plotted in Fig. 4. In order to compare 
more clearly the reduction in heat sensitization for 


the different normal tissues and the different hyper- 
thermic treatments, all the data have been expressed 
as percentage of the maximum response in each 
series of experiments. If heat is given post-irradia- 
tion the potentiating effect decays rapidly and is lost 
by about four hours in all the tissues tested. Heat 
given pre-irradiation remains effective over longer 
periods except for the intestine for which the decay 
in effect is similar whatever the order of the two 
treatments. This may reflect the comparative 
severity of the hyperthermic "dose" rather than 
inherent differences in the three tissues, a higher 
heat “dose” remaining effective over longer periods 
if given pre-irradiation. 


Heat given pre-irradiation 








p -9 
SSA 
20 NE cgo * 
über los teh FC 
A 1 2 3 4 5 6 7 8 
Time interval (hours) 
80 
60. i Heat given post-irradiation 
40 
20 A 
73 
Olsccese-—-—— 3 ———L- MB 
20 


Time interval (hours) 
Fic. 4. 
The time course of decay of heat potentiation of X-ray 
damage in normal tissues, for heat given either pre- or post- 
irradiation. Values have been normalized to percentage of 
the maximum response in each series of experiments and 
are for TER except for the baby rat cartilage data which 
represent the percentage stunting obtained after 10 Gy, 
@ mouse intestine 41.8°C/60 min This work. 
E mouse ear skin 42.0°C/60 min I ^ et al.. 1977 
A mouse ear skin 43.0°C/60 min Wet Olay Valls 
* mouse foot skin 42.5°C/60 min Stewart and 
Denekamp, 1977. 
Myers and Field, 
1977. 


@ rat cartilage 43.0°C/60 min 
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À possible approach in achieving a therapeutic 
gain appears to be in temporal separation of the two 
treatments, making use of different patterns of decay 
of heat potentiation between tumours and normal 
tissues as suggested by Stewart and Denekamp 
(1978) and supported by observations on tumours 
from several authors (Crile, 1963; Overgaard and 
Suit, 1976; Hill and Fowler, 1977; Jansen et al., 
1977). 'The aim would be to apply heat either pre- or 
post-irradiation with an interval such that the TER 
for normal tissue damage is reduced to a greater 
extent than for tumour control, 

The results summarized in Fig. 4 support the 
suggestion that heating four or five hours after X 
rays without altering the irradiation dose might be a 
useful therapeutic approach. Ultimately, however, 
the choice of a specific combination of treatments for 
therapy would have to be based on an understanding 
of the underlying mechanisms of heat and irradiation 
damage and their interaction. 


CONCLUSIONS 

T. For a one hour heat treatment given within a 
few minutes before or after X rays, the potentiation 
of radiation damage to the intestine increases 
dramatically with increasing temperature above 
41°C in a similar manner to that found with other 
tissues. 

2. Potentiation of irradiation damage by heat is 
reduced with increasing time interval between the 
two treatments. By four hours after irradiation, heat- 
ing does not potentiate radiation damage to the 
intestine or some other normal tissues. Other evi- 
dence suggests the pattern may be different for 
tumours, 
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ABSTRACT 

The response of an experimental fibrosarcoma to com- 
bined heat and X rays has been assessed using delay in 
tumour regrowth. No thermal sensitization was observed for 
one hour of heating at 41.5°C, A thermal enhancement ratio 
of 1.4 to 1.5 was seen for one hour of heating at 42.5 or 
43.5°C immediately after irradiation. The importance of the 
sequence and time interval between the two modalities was 
tested using a constant heat treatment of 42.5°C for one 
hour. Heating was most effective when given after irradia- 
tion, with little change in TER for an interval of a half to six 
hours. When heat preceded the irradiation the pattern was 
more complex, with no sensitization at half, one, and six 
hours, but with a significant effect at two and three hours. 
The degree of sensitization often depended upon the X-ray 
dose, being lower below X-ray doses of about 20 Gy. The 
therapeutic. advantage of the combined treatment was 
assessed bv comparison with previously published results 
for skin reactions. No therapeutic benefit was found for 
treatments when heat and X rays were separated by one hour 
or less. A therapeutic gain factor of about 1.3 was observed 
for heat given two to six hours after irradiation of this fibro- 
sarcoma. 


The current revival of interest in the clinical applica- 
tion of hyperthermia for the treatment of cancer has 
led to a large number of experimental studies in 
transplantable tumours (Crile, 1963; Overgaard and 
Overgaard, 1972, 1974; Muckle and Dickson, 1973; 
Hahn et al., 1974; Robinson et al., 1974; Yerushalmi 
and Har Kedar, 1974; Thrall et al., 1975; Hill and 
Fowler, 1977; Marmor et al., 1977). 

Some tumours have been locally controlled by the 
application of heat alone (Overgaard and Overgaard, 
1972; Crile, 1963; Marmor et al., 1977), but in most 
studies moderate heating, in the likely clinical range 
of 40-43°C, caused tumour regression but not cure 
unless it was used in combination with some other 
cytotoxic agent. Combined heat and X rays have 
been shown to be more effective than X rays alone, 
and may reduce the X-ray dose needed for local 
control by a factor of up to five (Robinson et al., 
1974; Overgaard and Overgaard, 1974). However, 
heat also sensitizes normal tissues to radiation 
(Robinson et al., 1974; Thrall et al., 1975; Field et 
al., 1977; Law et al., 1977; Myers and Field, 1977; 
Morris et al., 1977; Stewart and Denekamp, 1977), 
and in order to evaluate the possible therapeutic gain 
it is essential to compare the sensitization of tumours 
and normal tissues. Unfortunately only a few re- 
searchers have quantitatively investigated both 


tumour and normal tissue under standardized ex- 
perimental conditions (Robinson ef al., 1974; Thrall 
et al., 1975; Jansen et al., 1977), and it was felt that 
further investigations on this topic were needed. The 
aim of the present study was to measure the Thermal 
Enhancement Ratio* for a tumour and for skin and 
to calculate the Therapeutic Gain Factorf. A mouse 
fibrosarcoma was treated with combined heat and 
X rays, and the tumour results were compared with 
our previously published skin data (Stewart and 
Denekamp, 1977) in order to assess the therapeutic 
gain. Two types of experiment are described: in the 
first, one hour of heating, at temperatures between 
40.5 and 43.5°C, was applied immediately after 
X irradiation; in the second, a constant thermal 
treatment (42.5°C for one hour) was used at various 
times before or after X irradiation in order to assess 
the importance of the sequence and spacing of the 
two modalities. 


MATERIALS AND METHODS 

The tumour chosen was a transplantable mouse 
fibrosarcoma in the same inbred albino strain 
WHT/Ht mice used for the skin reaction experi- 
ments. The tumour arose spontaneously in 1974 and 
has since been maintained by serial passage; it has a 
volume doubling time of 2.5 to 3 days over the range 
of sizes used for irradiation. It is relativelv radio- 
resistant and does not shrink after subcurative doses 
of X rays (below 55 gray), but it does show a dose 
dependent delay in growth. 

Tumours were implanted as approximately | mm 
cubes, subcutaneously on the ventral thorax of 
groups of about 100 male mice aged two to three 
months, under Penthrane anaesthesia. The tumours 
grew into solid spheroids of palpable size after about 
two weeks, and were selected for treatment at a 
mean diameter of 7-9 mm; this was usually 15 to 25 








*'Thermal Enhancement Ratio (TER) = 
X-ray dose without heat 
X-ray dose with heat 





to give the same degree of injury. 
TER tumour 

TER normal tissue 

It is important to compare TERs over the same range of 

radiation doses for tumour and normal tissue. 
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days after implantation. The mice were randomly 
allocated for treatment with X rays alone or with 
combined heat and X rays. 

Mice were anaesthetized with sodium pento- 
barbitol for heating and irradiation procedures; 
60 mg/kg of anaesthetic was administered ten 
minutes before treatment. During a heating period 
of one hour an additional dose of anaesthetic (15- 
20 mg/kg) was usually given after 30-40 minutes. In 
experiments where heat and irradiation were separ- 
ated by a time interval, “top up” doses of anaesthetic 
were given according to the condition of the mouse. 
For short time intervals (nought to one hour) it was 
usually sufficient to give an additional 15 mg/kg of 
anaesthetic. For longer time intervals (up to six 
hours) the dose was gauged for each mouse; mice 
which were completely awake were given 40 mg/kg 
and exceptionally (at six hours only) the full dose of 
60 mg/kg. The tumours were immersed in a water- 
bath (thermostatically controlled to --0.05?C) while 
the mice lay in Perspex and lead irradiation cradles 
on the water surface. Cool air was blown across the 
waterbath to reduce the humidity of the inspired air 
and to prevent the body temperature from rising. 
‘The heating time was always one hour. The tumours 
achieved a temperature 0.2°C lower than that of the 
water within five to 15 minutes, depending on the 
individual tumour. The thermostat was therefore 
always set at 0.2°C above the desired tumour tem- 
perature, The temperatures quoted below are tumour 
temperatures. Water and sample tumour tempera- 
tures were monitored using a Bailey thermocouple 
with a 29 gauge needle which had been calibrated 
against a standardized mercury-in-glass thermom- 
eter; these tumours were not included in the re- 
growth experiments. 

Irradiation was with 240 kV X rays, generated at 

2.6 Gy/min by a 250 kV Pantak X-ray set, filtered 
with 0.25 mm Cu and 1 mm Al and with a HVL of 
1.3 mm Cu. Groups of four mice were irradiated 
simultaneously, and turned through 180 deg. half 
way through irradiation to minimize heterogeneity of 
the dose. Groups were treated with various doses of 
X rays alone, or with X rays combined with heat. In 
the first experiments one hour of heating at 41.5, 
42.5, or 43.5°C was administered immediately after 
irradiation. In the second series a constant thermal 
treatment (42.5°C for one hour) was given at various 
times (nought to six hours) before or after irradiation. 

The tumours were measured in three dimensions 
using vernier calipers. On the day of irradiation they 
were measured before immersion in water, because 
the hot water caused immediate swelling which 
lasted several hours. After irradiation tumours were 


measured three times a week until the average 
diameter exceeded 13.5 cm. The mice were then 
sacrificed. The geometric mean diameter of each 
tumour was calculated and the radiation damage was 
assessed from the time taken to grow 4.5 mm larger 
than the size at irradiation. This represents a four- 
to five-fold increase in tumour volume. Each dose 
group contained six to 15 animals. 

'This tumour metastasises readily to the brachial 
and axillary lymph nodes. Such metastases were 
noted but not measured, and the animals were sacri- 
ficed and excluded from the study if the metastases 
became large enough to be confused with the prim- 
ary tumour or became a burden to the animals. 


RESULTS 
The delay in regrowth of the tumours relative to 
control animals was used as a measure of radiation 
and heat oe Control unirradiated tumours took 
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slight increase in this time to 7.6--0.9 days (ze. 
0.9 days delay). The regrowth time was calculated 
from the geometric mean diameter for each indi- 
vidual animal; from this a mean and standard error 
was computed for each dose group. This method of 
analysis was better than analysing the averaged 
growth curves for the group of tumours since 
tumours which regrew rapidly were sacrificed and 
lost from the analysis before the average curve 
reached the desired size. The regrowth delay values 
are plotted in Figs. 1-5 to give dose-effect curves. 
Where the error bar has an upward arrow, it indi- 
cates that one or more animals were sacrificed 
because of metastases before the tumour had grown 
the requisite 4.5 mm. Such animals were included in 
the analysis if the tumour was approaching the re- 
growth size, when the last day of measurement was 
used as a lower limit for its regrowth delay; hence 
the upward arrows. 

Figure 1 shows the time required to grow from 
7.5 to 12 mm for tumours treated with X rays alone 
or with X rays followed immediately by one hour's 
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Regrowth delay as a function of X-ray dose for tumours 

treated with X rays followed immediately by one hour of 

heating at 42.5°C. The curve for tumours treated with X rays 

alone is reproduced from Fig. 1. The thermal enhancement 

ratio ranges from 1.3 to 1.7 at doses above the break point on 
the control curve. 
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heating at 41.5°C. The four groups treated with heat 
after irradiation are not significantly different from 
those given X rays alone, indicating that there is no 
thermal sensitization at this temperature. 

Figures 2 and 3 show the data for tumours heated 
immediately after irradiation at 42.5 or 43.5°C for 
one hour, together with the curve for X ravs alone, 
reproduced from Fig. 1. A greater delay in growth 
was observed at each dose level for these higher 
temperatures, corresponding to a thermal enhance- 
ment ratio of 1.4 to 1.5 ata regrowth delay of 25 days. 

Figures 4 and 5 show the data from the second 
series of experiments where a constant thermal 
treatment was used at nought to six hours before or 
after irradiation. In each diagram the control curve 
for X rays alone is reproduced from Fig. 1. When 
heat was applied after irradiation (Fig. 4) there was 
thermal sensitization at all time intervals tested, 
although at six hours the data are very scattered, 
reflecting the large animal-to-animal variability. The 
TER values at this time are very dependent on the 
X-ray dose. Except at nought hours, there was no 
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Regrowth delay for tumours treated with X rays followed by 

one hour of heating at 43.5°C. The curve for tumours 

treated with X rays alone is reproduced from Fig. 1. The 

'TER is in the range 1.2-1.6 above the break point on the 
control curve. 
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Dose response curves for tumours treated with one hour of heating at 42.5°C at 

various time intervals after X irradiation. In each panel the data points are shown 

for the heated tumours; the control curve for X rays only is reproduced from Fig, 1. 

'The range of thermal enhancement ratios read from the data points relative to the 

control curve, above the break point at 20 Gy, is indicated. Sensitization was ob- 
served at all time intervals. 
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Fic. 5. 
Dose response curves for tumours heated at various intervals before X irradiation. 


The control curve is reproduced from Fig. 1. The range of TER values above the 
break point on the control curve is indicated. 
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significant TER measured at doses below the “break 
point" on the control curve (at 20 Gy). The TER 
values written against each pair of curves have been 
derived by comparing each point for X rays plus heat 
with the control curve above 20 Gy. 

When heat was applied immediately before irradi- 
ation thermal sensitization was also seen ((TER about 
1.4), but at intervals of half, one, and six hours there 
was little or no thermal enhancement. There was, 
however, some sensitization at two and three hours 
before irradiation, showing that when heat was 
applied before X rays the time interval was critical. 


Discussion 

In this experimental fibrosarcoma we have shown 
that heating sensitized the tumour to X irradiation if 
a temperature of 42.5°C or greater was maintained 
fer one hour. No sensitizing effect was observed 
with 41.5°C for one hour. One hour of heat alone at 
42.5^C caused no significant delay in this tumour 
(Fig. 2). The thermal enhancement ratio measured 
from each pair of curves varies with the size of the 
radiation dose, with little or no radiosensitization at 
low doses, below the “break point" at 20 Gy. The 
break point in this tumour is defined by the two 
separate sets of control data plotted in Fig. 1. The 
early sensitive phase, below 20 Gy, is unaltered by 
the addition of a hypoxic cell sensitizer, Misonid- 
azole (Denekamp and Stewart, 1978), and the curve 
above this point breaks towards the response of fully 
hypoxic clamped tumours (unpublished data). This 
break point has been interpreted previously as repre- 
senting the effect of the hypoxic subpopulation of the 
tumour which is more radioresistant (e.g. Thomlin- 
son and Craddock, 1967; Field et al., 1968; Dene- 
kamp and Harris, 1975). Increased thermal sensitiza- 
tion at these higher doses could represent an in- 
creased effect of heat potentiation on hypoxic cells, 
or on cells in nutritionally deprived or acidic regions 
(Hahn, 1974; Dickson and Oswald, 1976; Over- 
gaard, 1976), since these characteristics are likely to 
be shared by cells at the maximum distances from 
capillaries. Alternatively it could represent a less 
effective removal of heat from these regions since 
heat dissipation depends upon regional blood flow. 
"Thus the cells in the hypoxic regions may attain a 
slightly higher temperature than those adjacent to 
capillaries. 

When the thermal enhancement ratios were read 
off the curves at different dose levels there was no 
effect below 20 Gy and an increasing effect with 
increasing X-ray dose in five of the six treatments 
using heat after X rays. This dependence of the 


extent of sensitization on the X-ray dose was less 
clear in the treatments where heat was applied 
before X rays. 

Field (1977) has recently shown a variation in the 
TER values for skin reactions with the size of the 
X-ray dose. The data from his single dose studies 
and from fractionated experiments were analysed 
as a function of the dose per fraction. For small 
X-ray doses the TER values were low, and they 
increased with increasing X-ray dose, showing a 
similar effect for skin to that seen in the present 
results with tumours. Field suggested that depend- 
ence of TER on dose per fraction may actually be a 
demonstration of thermal tolerance in the fraction- 
ated treatments which yielded the data at small X-ray 
doses. However, our results indicate reduced TER 
with small X-ray doses for single dose experiments, 
so that thermal tolerance is not the explanation in 
our experiments. No such fractionated data are yet 
available for tumours but it is obviously important to 
demonstrate an effect at small doses of X rays if 
combined heat plus X rays are to be of any practical 
value in the clinic. 
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Thermal enhancement ratio (TER) as a function of tem- 

perature. The line represents the skin data published by 

Stewart and Denekamp (1977), The hatched area represents 

the range of normal tissue values reviewed by Field (1977). 

Q9 — Fibrosarcoma TER value at 20 days regrowth delay, the 

vertical bar being the range of TER values measured above 
the break point at 20 Gy. 
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Therapeutic gain factor 

In order to assess the therapeutic potential of com- 
bined heat and irradiation, the thermal enhancement 
ratios. for tumours have been compared with 
those obtained previously for skin (Stewart and 
Denekamp, 1977). 'The method of heating and of X 
irradiation were closely similar for the two systems. 
The tumour regrowth delay assay can be used over a 
wide range of X-ray doses and the TER values 
obtained have been shown to vary with dose. There- 
fore, for comparison with the skin reactions, thermal 
enhancements are read off at the level of damage 
produced by 27 Gy for X rays alone; this corresponds 
to a skin reaction of 1.5 (averaged over ten to 32 days) 


and to about 20 days regrowth delay for unheated 
X-irradiated tumours. The TER values for the 
fibrosarcoma are plotted in Fig. 6 as a function of 
temperature, together with our normal tissue data 
(solid line). The shaded area represents the range of 
normal tissue values for skin, gut and cartilage 
published by Field eż al. (1977). It is clear that heat 
immediately after irradiation (41.5 to 43.5 C) did 
not produce a therapeutic advantage in this tumour 
relative to any of the normal tissues. The fact that 
the tumour values lie below the normal tissue line 
indicates that the combined treatment is less bene- 
ficial than X rays alone. 

A similar conclusion was reached for the C4H 


TABLE I 
THERMAL ENHANCEMENT RATIOS FOR TUMOURS AND NORMAL TISSUES, AND THE RESULTANT THERAPEUTIC GAIN 


















































Authors Heat treatment Test system TER TGP 
Robinson et al., 1974 4C h C3H mammary Ca 
H-X-H skin (mouse foot) 1.4/1.2 1.2 
42°C/i h CH mammary Ca 
H-X-H skin 2.5/1.4 1.8 
42.5°C/1h C3H mammary Ca 
H-X-H skin 3.2/1.7 1.9 
43°C/1 h C3H mammary Ca 
H-X-H skin 4.4/2.1 2.1 
Thrall et al., 1975 44.5°C/15 min CsH mammary Ca 
X-H skin (foot) 1.4/1.8 0.8 
44.5°C/15 min C3H mammary Ca 
H-X skin (foot) 1.3/3.5 0.4 | 
Jansen et al., 1977 43°C/1h Mammary Ca (M8013X) 
X-H skin (mouse foot) 2.1/1.8 1.2 
Overgaard, J., 1977 41.57Cjl h Mammary Ca “C” 
overlying skin 1.5/*¥NOE «x15 
42.5*C/1 h Mammary Ca “C” 
overlying skin 3.5/*NOE x3.5 
Stewart and Denekamp, 41.5C/i h **Mouse fibrosarcoma 
1977 X-H skin (mouse foot) 1.0/1.5 0.7 
42.5°Cj1 h Mouse fibrosarcoma 
X-H skin 1.5/1.8 0.8 
42.5°C/ h Mouse fibrosarcoma | 
H-X skin 1.4/1.7 0.8 
43.5C/l h Mouse fibrosarcoma 
X-H skin 1.4/2.0 0.7 
Hill and Fowler, 1977 42. 5°C/1h **Carcinoma NT | 
X-H skin 1.4/1.8 0.8 
42.5°C/th **Carcinoma NT” 
H-X skin 1.3/1.8 0.7 
42.5°C/1 h ** Squamous Ca “D” 
X-H skin 1.7/1.8 0.9 
42.5°C/1 h **Squamous Ca "D" | 
d H-X skin 1.8/1.7 1.1 | 











Data in this table are all from experiments where heat and radiation were given in close sequence. Heating was by immersion 
in water baths except Overgaard (1977) who used short wave diathermy. 


*NOE =no observed effect. 


**Using mouse skin data of Stewart and Denekamp (1977) for irradiation in oxygen. Values obtained for irradiation in air 


are slightly, but not significantly, different. 
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mammary carcinoma by Thrall et al. (1975). They 
demonstrated a disadvantage of X rays combined 
with 15 minutes of heat (44.5°C) applied immedi- 
ately before or after irradiation under varying con- 
ditions of local oxygenation. When heat was applied 
before irradiation under clamped hypoxic conditions, 
or with mice breathing air or hyperbaric oxygen, the 
tumour was sensitized to a smaller extent than the 
skin, the therapeutic gain factor being 0.4 to 0.7. 
When heat was applied after irradiation in air or 
hypoxic conditions the TGF was 0.8. Only when 
heat was applied after irradiation in hyperbaric 
oxvgen was there a slight therapeutic advantage 
(TGF 1.1). Recent work by Jansen et al. (1977) com- 
paring the 'TER for a mouse mammary carcinoma 
and for mouse skin also showed a small therapeutic 
gain for one hour's heating immediately after irradia- 
tion (TER 1.2). 

Bv contrast, Overgaard and Overgaard (1974) 
reported that the CgH mammary carcinoma used in 
their laboratory was completely destroyed by modest 
heating combined with X rays, with little or no 
damage to the surrounding stroma and supporting 
vasculature. Robinson et al. (1974) also demonstrated 
much more thermal sensitization of their CgH mam- 
mary tumour than of mouse skin when the irradia- 
tion was given in the middle of a one hour heating 
period. Thus the data for tumours given heat and 
X rays in close succession is conflicting, as shown in 
Table I. Some tumours show higher thermal en- 
hancement ratios than normal tissues but this is not 
à universal finding. 

The importance of the sequence and timing of 
heat and irradiation has previously been shown in 
vitro (Kal ef al, 1975), and for normal tissues 
(Stewart and Denekamp, 1977; Law et al., 1977; 
Myers and Field, 1977), and we are now able to 
compare the effect on tumour sensitization for the 
same time intervals between heat and irradiation. 
The TER values varied markedly with the time 
interval when heat preceded X rays (Fig. 5) but 
showed little variation with time when heat was 
given after X irradiation (Fig. 4). When heat pre- 
ceded irradiation the thermal sensitization was rela- 
tively high at nought hours (1.4); this effect was 
rapidlv lost at half to one hour before irradiation, 
with an effect appearing at two to three hours and 
lost again by six hours. The lack of sensitization at 
half and one hour before irradiation may be due to 
the severe cooling effect on the tumour at these 
times. Although the mice were wiped dry after 
heating, the large area of ventral fur and skin avail- 
able for evaporation of water caused hypothermia 
with a drop of the tumour temperature to 25°C. This 
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"Thermal enhancement ratio as a function of the time interval 
between heat and X irradiation. Solid line skin. data of 
Stewart and Denekamp (1977). € TER values for the fibro- 
sarcoma at 20 days regrowth delay, i.e, at the same X-ray 
dose as used for the skin experiments. The vertical bars 
represent the range of values (Figs. 4 and 5). 


may result in a radioprotective effect that counteracts 
the heat sensitization, Alternatively, the variations in 
sensitivity could result from thermally induced cell 
synchrony and consequent changes in sensitivity 
as the tumour cells progress around the cell cycle. 
Large fluctuations in thermal enhancement have 
also been seen for these time intervals in the skin of 
the mouse ear (Law et al., 1977). 

Figure 7 summarizes the TER values for the fibro- 
sarcoma and for mouse skin as a function of the 
interval between irradiation and heating. The TER 
values for the tumour do not exceed those for skin 
when the two treatments are given in close sequence, 
or when the heat is given at half, one, two, or six 
hours before irradiation. However, at three hours be- 
fore irradiation, and at two to six hours after irradi- 
ation, thermal sensitization values for the tumour are 
higher than for skin. 'Thus there appear to be specific 
times at which a therapeutic gain would result, par- 
ticularly with heat after irradiation. At other times 
combined heat and X rays would be significantly less 
effective than X rays alone. The exact timing seems 
to be more critical and less reliable when heat is given 
first rather than last. 

The treatment using heat three to six hours after 
X rays could be particularly useful because the effect 
on the normal tissue is minimal at this time and no ` 
reduction in total X-ray dose would be needed to 
avoid excessive normal tissue damage. Other workers 
also report a loss of heat potentiation for normal 
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tissues when given three hours after X rays (Field 
et al., 1977; Law et al., 1977; Myers and Field, 
1977; Jansen et aL, 1977). 'These data are all 
restricted to single doses. It remains to be seen 
whether this differential loss of heat potentiation in 
normal tissues but not in tumours would persist for 
repeated fractions of heat and irradiation over similar 
time intervals. 

There are very few other reports of the effect of 
varying the time interval between heat and irradia- 
tion on experimental tumours. Overgaard and Over- 
gaard (1974) stated that the heat potentiation of X- 
ray damage was similar when the two modalities 
were applied within a 24-hour period. Hill and 
Fowler (1977) reported variations in the thermal en- 
hancement observed in two different mouse tumours 
(a mammary carcinoma NT’ and a squamous car- 
cinoma) as the time interval between heat and 
irradiation was increased. If their data are compared 
with thermal sensitization of normal tissues (Stewart 
and Denekamp, 1977; Field et al., 1977) there is no 
therapeutic advantage for heat given immediately 
before or after irradiation. However, in agreement 
with the present data a therapeutic advantage was 
demonstrated in both tumours when heat was 
applied three to six hours after irradiation. Jansen 
et al. (1977) also demonstrated a larger therapeutic 
gain (1.2-1.3) with heating at four hours post- 
irradiation than at nought hours, although in their 
tumours a proportion of the effect could be attribu- 
ted to direct cell killing by the heat rather than 
potentiation of the effect of X-rays. 

Further work seems necessary to investigate and 
compare thermal sensitization to X rays of a variety 
of tumours and normal tissues. The data presented 
here emphasize the importance of the sequence and 
spacing of the heat and X rays, and also the possible 
importance of the size of the X-ray dose. Although 
this study suggests that the safest and optimum com- 
bination would be to apply heat three to six hours 
after irradiation, it is necessary to determine whether 
this would be true for repeated, fractionated, smaller 
doses of X rays. 





ACKNOWLEDGMENTS 
We would like to thank Drs. J. F. Fowler, N. J. McNally, 
D. G. Hirst, I. J. Stratford, S. B. Field, and S. A. Hill for 
their helpful criticisms and discussions; Mrs. Lynda Hall 
and her staff for care of the animals; and the Cancer 
Research Campaign for their financial support of this 
project. i 


REFERENCES 
Crite, G., 1963. The effects of heat and radiation on cancers 
implanted on the feet of mice. Cancer Research, 23, 372— 
380. 


DENEKAMP, J., and Harris, S. R., 1975. Tests of two- 
electron-affinic radiosensitizers in vivo using regrowth of 
an experimental carcinoma. Radiation Research, 61, 191— 
203. 

DENEKAMP, J., and STEWART, F. A., 1978, Sensitization of 
mouse tumours using fractionated X-irradiation. British 
Journal of Cancer (in press). 

Dickson, J. A., and Oswarp, B. E., 1976. The sensitivity of 
a malignant cell line to hyperthermia (42°C) at low intra- 
cellular pH. British Journal of Cancer, 34, 262-271. 

Fievp, S. B., 1977. The response of normal tissues to hyper- 
thermia alone or in combination with X rays. Presented at 
the 2nd International Symposium on Cancer Therapy by 
Hyperthermia and Radiation, Essen, June, 1977 (in press). 

Frevp, S. B., Hume, S. P., Law, M. P., and Myers, R., 1977. 
The response of tissues to combined hyperthermia and 
X rays. British Journal of Radiology, 50, 129-134. 

Fievp, S. B., Jones, T., and THoMLinson, R. H., 1968, The 
relative effects of fast neutrons and X rays on tumour and 
normal tissue in the rat. British Journal of Radiology, 41, 
597-607. 

Haun, E. W., ALFIERI, A. A., and Kim, J. H., 1974. In- 
creased cures using fractionated exposures of X-irradia- 
tion and hyperthermia in the local treatment of the 
Ridgeway osteogenic sarcoma in mice. Radiology, 113 
191—202. 

Haun, G, M., 1974. Metabolic aspects of the role of hyper- 
thermia in mammalian cell inactivation and their possible 
relevance to cancer treatment. Cancer Research, 34, 3117~ 
3123. 

HitL, S. A., and Fowrzn, J. F., 1977, Combined effect of 
heat and X-rays on two types of mouse tumour. Abstracts 
of the 2nd International Symposium on Cancer Therapy 
by Hyperthermia, Essen, 1977. 

JANSEN, W., VAN DER SCHUEREN, E., and Breur, K., 1977. 
Thermal enhancement of the radiation response of the 
skin and a mammary carcinoma in mice, Abstracts of the 
2nd International Symposium on Cancer Therapy bv 
Hyperthermia, Essen, June, 1977. 

KaL, H. B., Janse, H. C., and Gatser, F. J., 1975. Repair of 
radiation and hyperthermic induced lesions in rat rhabdo- 
myosarcoma cells in vitro. Annual report of Radiobiology 
Institute, Rijswijk, T'he Netherlands. 

Law, M. P., Anier, R. G., and Fiep, S. B., 1977. The 
response of mouse skin to combined hyperthermia and 
X-rays. International Journal of Radiation Biology, 32, 
153-163. 

Marmor, J., Haun, N., and Hawn, G., 1977. Tumour cure 
and cell survival after localised radiofrequency heating. 
Cancer Research, 37, 879-883. 

MvckLE, D. S., and Dickson, J. A., 1973. Hyperthermia 
(42°C) as an adjunct to radiotherapy and chemotherapy in 
the treatment of allogeneic VX2 carcinoma in the rabbit. 
British Journal of Cancer, 27, 307-315. 

Morris, C. C., Myers, R., and Fievp, S. B., 1977. Response 
of the rat tail to hyperthermia, British Journal of Radi- 
ology, 50, 576—580. 

Myers, R., and Fieip, S. B., 1977, The response of the rat 





tail to combined heat and X rays. British Fournal of 


Radiology, 50, 581-586. 

OVERGAARD, K., and OvERGAARD, J., 1972. Investigations on 
the possibility of a thermic tumour therapy H. European 
Journal of Cancer, 8, 573-575. 

1974. Radiation sensitizing effect of heat. Acta Radio- 
logica, 13, 501-511. 

OVERGAARD, J., 1976. Influence of extracellular pH on the 
variability and morphology of the tumour cells exposed to 
hyperthermia. Journal of the National Cancer Institute, 56, 
1243-1250. 

1977. The effect of local hyperthermia alone, and in com- 
bination with radiation, on solid tumours. Presented at 
the 2nd International Symposium on Cancer Therapy by 
Hyperthermia and Radiation, Essen, ]une, 1977 (in 
press). 








Vor. 51, No. 604 


F. A. Stewart and Y. Denekamp 


Ropinson, J. E., WizeNBERG, M. J., and McCreapy, W. A., 
1974. Radiation and hyperthermal response of normal 
tissue in situ. Radiology, 113, 195—198, 

STEWART, F, A., and Denexamp, J., 1977. Sensitization of 
mouse skin to X-irradiation by moderate heating. 
Radiology, 123, 195—200, 

THOMLINSON, R. H., and Crappock, R. A., 1967. The gross 
response of an experimental tumour to single doses of 
X rays. British Journal of Cancer, 21, 108—123. 


Tura, D. H., GILLETTE, E. L., and Dewey, W. C., 1975. 
Effect of heat and ionizing radiation on normal and neo- 
plastic tissues of the C3H mouse. Radiation Research, 63, 
363-377. 

YERUSHALMI, I. A., and Har-Kepar, Í., 1974. Enhancement 
of radiation effects by heating of the tumour. Israel 
Journal of Medical Sciences, 10, 772—776. 





Book reviews 


Chemotherapy of cancer. By Stephen K. Carter, Marie T. 
Bakowski and Kurt Hellmann, pp. 350, 1977. (Published by 
John Wiley & Sons, New York, London, Sydney, Toronto), 
48:95. 

Recently there have been several small books on cancer 
chemotherapy, most of which have been disappointing. 
Despite this, there is no doubt that there is a need for a short 
up-to-date text book which gives the non-specialist a 
balanced view of the theoretical basis of chemotherapy, and 
the specialist an up-to-date account of the drugs available, 
their indications for use and their side effects. For this 
reason, this book is particularly welcome. 

Dr. Carter's reputation as an expert in his field is well 
known, so it is not surprising that he and his co-authors have 
succeeded in producing such an excellent summary of 
current practice. The 350 pages are divided into four sec- 
tions: the first is an introduction to the strategy of cancer 
treatment, in which proper emphasis is laid on the increasing 
use of and indications for combined modality treatment. 
"This is followed by a discussion of the basic biological con- 
cepts on cancer chemotherapy and the design of clinical 
trials. These topics are extremely well covered and, in 
particular, the section on pharmacokinetics is a model of 
compression without loss of necessary basic information, 
Discussion of clinical trials places particular emphasis on 
protocol design, and should be required reading for the non- 
specialist chemotherapist contemplating a cytotoxic drug 
study. 

The second section deals with the anti-tumour agents 
currently available, the indications for their use, mecha- 
nisms of action, toxicity and modes of administration. All 
the major agents are listed and the section provides a sound 
account of conventional usage. 

The third section describes the drug treatment of specific 
malignancies and is a good compressed account of the state 
of the art, Adequate numbers of references to key publica- 
tions are provided. 

‘The last section is about new approaches to cancer treat- 
ment and there is a critical account of combined modality 
therapy, immunotherapy and some of the new drugs that 
are being developed. 

I think the book will appeal to a wide audience. The non- 
specialist will find it useful as a guide to what is available 
and to further reading, and for the specialist it is a con- 
venient aide memoire of the drugs available and of their place 
in the treatment of specific tumours. It is highly recom- 


mended. 
T. J. McErwarN. 


Ichiban (Radiation dosimetry for the survivors of the bombings 
of Hiroshima and Nagasaki) pp. viii --120, Elus. 1977. 
(Tennessee, US Energy Research and Development 
Administration) $4.75 in USA $9.50 rest of the world. 

Ichiban, number one in Japanese, is the name of the 
project to determine the doses received by the survivors of 
the A-bombs. These survivors represent the largest human 
population exposed to ionizing radiations. Knowledge of the 
doses received by them would thus enable dose-response 
curves to be established. In view of the large use of radiation 
in medicine and other walks of life, an estimate of the risk 
based on human data is obviously of the utmost importance. 

The book by Auxier—a leading member of the Ichiban 
project—is a fascinating review of the tremendous effort to 
establish the dosimetry. After ascertaining the location at 
the time of the explosions of a number of survivors, and 
working out the explosive power of the bombs, the main task 
was to determine the physical parameters of the radiations, 
e.g. their attenuation in passing through walls at different 
angles and the scatter from these walls. The scene was 
reconstituted in the Nevada desert, where replicas of 
Japanese houses were erected, and nuclear bombs exploded 
of the same yield and same height as in 1945. At least 4 test 
explosions were carried out, but the results did not agree 
with each other. By that time the Test Ban Treaty came into 
force and other methods of simulating the radiations from 
the bombs had to de devised. These included a pulsed fast 
reactor which was bodily hoisted to the top of a tower 
1527 ft. high. 

The irony is that a great deal of this trouble could have 
been avoided, if it were not for the senseless attitude of the 
US occupation force. A Japanese team entered Hiroshima 
soon after the explosion, and carried out a thorough 
investigation, including measurement of radiation levels, 
collecting samples of soil and buildings and the photo- 
graphic films in shops in the city. This invaluable material, 
including all notebooks, was confiscated by the military, and 
despite a rigorous search, was never recovered. 

The result of the heroic efforts of the Ichiban project was 
the establishment of dosimetry values known as T65D; 
these kerma doses serve as a basis for evaluating the absorbed 
doses of the survivors. The conversion of kerma into 
absorbed dose equivalents (Sieverts) in different tissues is 
still not complete. Not enough is also known about the doses 
received by those who entered the cities after the explosions. 
Thus, even from the physics angle, the saga of the Hiro- 
shima and Nagasaki survivors is still unfinished. 

J. Rornrar. 
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Hypoxic cell sensitization by misonidazole jn vivo and in vitro 
By N. J. McNally, Ph.D., Juliana Denekamp, Ph.D., P. W. Sheldon, M.I.Biol. and 


|. R. Flockhart, Ph.D. 


Cancer Research Campaign, Gray Laboratory, Mount Vernon Hospital, Northwood, Middlesex HA6 2RN 


(Received November, 1977) 


The effect of misonidazole (Ro 07-0582, Roche Products 
Ltd., Welwyn Garden City, Herts.) as a radiosensitizer of 
hypoxic cells has been reported for several cell lines in vitro 
and for many tumour lines grown in vivo (Adams et al., 
1976a). However, there have been no direct comparisons of 
the effects of this drug in vivo and in vitro because of a lack 
of data on the intra-tumour concentration of the drug. Re- 
cently Flockhart et al. (1977) have developed a method to 
measure the concentration of unchanged. misonidazole in 
tumours by gas-liquid chromatography. This article reports 
measurements of the abilitv of misonidazole to sensitize 
hypoxic cells in four different tumours to radiation as a func- 
tion of its measured concentration in the tumours at the time 
of irradiation. These results are compared with those pre- 
viously obtained for cells in culture. 

The four tumours used arose spontaneously at the Gray 
Laboratory and have been maintained by subcutaneous 
passage in the substrain of origin. They are a mammary 
carcinoma (NTT!), a fibrosarcoma (Fib/T), an undifferenti- 
ated osteosarcoma (BS2) and an anaplastic derivation of a 
mammary carcinoma (MT). The details of their properties 
and the assay techniques have been described in detail 
elsewhere (Denekamp and Harris, 1975; Sheldon et al., 
1976; McNally et al., 1978). In order to assess the radio- 
sensitization achieved with various concentrations of misoni- 
dazole, the sensitizer enhancement ratio (SER) was measured 
for each tumour by determining the ratio of the dose in the 
absence of the drug to that in its presence to achieve a 
constant level of damage. For BS2 and N'T! this was 
obtained from pairs of regrowth delay curves, the SER 
values being measured at the highest levels of growth delay, 
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Enhancement ratios plotted as a function of the measured 
drug concentration in the tumour at the time of irradiation. 
The upper line is for V79 379A Chinese hamster cells in 
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so that they most closely resemble the SER of the resistant 
hypoxic subpopulation of cells. For MT and Fib/T, 
tumours were exposed to a single dose of radiation (14 Gy 
for Fib/T and 50 Gy for MT) in the presence of the drug 
and the resulting effect compared with the effects determined 
from full dose-effect curves for non-drug treated animals. 
An equivalent radiation dose in the absence of the drug 
could then be obtained and an SER calculated. The assay 
for MT was the probability of local tumour control, and * 
that for Fib/T was cell survival iz vitro following treatment 
in vivo. 

'The figure shows these enhancement ratios for the four 
tumours, plotted as a function of the measured intra-tumour 
concentration in similar tumours sampled at the appropriate 
times. Two solid lines are shown to represent the sensitiz- 
ation seen in vitro with two different mammalian cell lines. 
The upper line is for V79 379A Chinese hamster cells 
(Adams et al., 1976b), and the in vive tumour data fall close 
to this line, particularly at low drug levels. The lower line 
represents preliminary data for cells taken from Fib/T 
tumours and irradiated 18 hours after they had been plated 
in vitro (McNally, unpublished). This cell line appears to 
show less sensitization when irradiated in vitro than the 
parent tumours assayed in vitro after irradiation im vivo. 
It is also sensitized less than V79 cells in vitro. The reason 
for this is not known. The figure shows that the effect of 
misonidazole on tumours in vive is similar to that obtained 
for a purely hypoxic cell population in vitro (V79 cells) and 
is even greater than that obtained for another in vitro line. 

Maximum tumour drug concentrations in mice are gen- 
erally 20-50%, of the peak serum levels, probably because 
of the short biological half-life of 1 to 14 hours in the mouse. 
In man, drug concentrations in tumours usually fall in the 
range 50-100% of the peak serum level, because of the much 
longer half-life of 8-18 hours. Therefore a two- to three-fold 
higher tumour concentration is achieved for the same serum 
level in man compared with the mouse. The drug dose that 
can be used clinically is limited by the neurotoxic side- 
effects of the drug to a total dose of 12 g/m? in a fractionated 
course of treatment, with no single dose more than 4 g/m? 
(Dische et al., 1977). Six equal doses of 2 g/m? or 50 mg/kg 
would give a peak plasma level in man of 60—70 ug/ml with 
a corresponding tumour level of 30-70 ug/g. The figure 
shows that this would give an enhancement ratio of 1.4 to 
1.7 for large single doses of radiation, or for tumours with 
high hypoxic fractions, With fractionated irradiation of 
tumours with unknown hypoxic fractions the enhancement 
ratio would be smaller. However, there is every reason to 
expect that there will be useful enhancement in the clinical 
range of drug dosage. 
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Book reviews 


Biological effects of microwaves. By S. Barański and P. 
Czerski, pp. 234, illus., 1976 (Dowden, Hutchinson & Ross, 
Inc., Stroudsburg, Pa., USA, Chichester, John. Wiley & 
Sons Ltd.), £900. 

The authors of this book are both members of the Inter- 
national Academy of Aviation and Space Medicine in 
Warsaw, Each is responsible for a different aspect of the work 
carried out in the Academy, and between them they have 
produced a book dealing in considerable detail with a subject 
which does not figure a great deal in current scientific litera- 
ture in this country. The subject is, however, one of growing 
concern to people engaged in a variety of activities, all of 
whom in one way or another may be exposed to microwave 
radiation to a greater or lesser degree. 

The book deals first of all with the physical characteristics 
of microwaves and deals briefly with the basic physics of 
electromagnetic radiation and to some extent with its 
propagation. The basic interaction processes of microwaves 
with living systems are then described. These processes are 
dealt with at all levels from the molecular level up to the 
possibilities of what may be expected to happen in a whole 
organism such as an animal or a human being. Results of 
observations and experimental studies published in the 
scientific literature are drawn upon and referred to in the 
descriptions of biological effects. 

Some idea of the scope of material covered can be ob- 
tained from the following list of topics: thermal effects, 
effects on the nervous system, cardiovascular effects, endo- 
crine and metabolic effects, the reproductive system, effects 
on chromosomes, mitosis and cellular effects and the pro- 
duction of cataracts. 

"The symptoms of microwave over-exposure are discussed 
and illustrated by information collected from over 1500 
Workers who had experienced some sort of microwave ex- 
posure. The book concludes with a section on safe limits of 
exposure and discusses the prevention of health hazards. 

A glance at the list of 614 references indicates that a great 
deal of werk in this field has been done in Eastern Europe 
and the United States of America. A number of very minor 
errors of expression have crept in, presumably as a result of 
the translation into English but they do not detract from the 
intended meaning. 


"This is a book written by scientists for scientists, and the 
authors have achieved what they set out to do as stated in the 
last paragraph of their preface: "our principle aim was to 
avoid any misquotations of findings or distortion of views 
expressed by others and to indicate clearly where personal, 
subjective, and probably highly controversial opinions are 
given." 

N, W. RAMSEY 


Radiologic science: a workbook and laboratory manual. By 
Stewart C. Bushon, (C. V. Mosby Company; U.K. Henry 
Kempton), pp. 202 -- xi, illus., 1977 £6-10. 

This book is written for "X ray Technologists”: to a 
large extent it covers material in radiological physics, 
radiation biology and radiation protection appropriate to 
MSR or Part I F.R.C.R. in diagnostic radiology. 

The format consists of 64 tearout worksheets and 10 
laboratory experiments. Each worksheet consists of a few 
short comments relating to the subject matter followed by a 
set of exercises which consist of both multiple choice 
questions and those designed to test the student’s under- 
standing in depth. The experiment section provides a 
stated object, a discussion on the relevant principle, a 
suggested procedure and appropriate tables and graph paper 
to carry them out. 

Altogether this book is an entirely welcome workbook 
useful to both student and teacher; the questions have been 
found to explore each subject tackled, with few exceptions 
in a very practical rather than academic way. There are 
certain areas where greater depth would have been desirable, 
e.g. the practical effects of X-ray equipment performance. 

The manual is designed to be used with a companion 
textbook of the same title. Herein lies a danger, that, 
presented with this very attractive workbook, the student 
will rely upon this and group discussion, which this book 
will certainly stimulate, and neglect his essential background 
reading. 

Tam sure this book forms a very excellent aid to the study 
of its subject. 


J. A. GARRETT, 
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Forthcoming events and other notices 


The Editors have decided that owing to the extreme shortage of space in The British Journal of Radiology, 

the "Forthcoming events and other notices" section will in future only carry notices of general interest and 
announcements of meetings specifically connected with The British Institute of Radiology and its associated 
bodies. Members, however, will be receiving future meeting announcements, space permitting, in the B./.R. 
BULLETIN which is distributed quarterly to all members. 


THe EniNBURGH. E.A.R. CONGRESS 
EDUCATIONAL TRUST 

The Edinburgh E.A.R. Congress Educational Trust has 
been established following the 3rd European Congress of 
Radiology in order to promote the educational and research 
aspects of radiology. ‘The Trust is managed by ‘Trustees 
appointed by the European Association of Radiology, the 
British Institute of Radiology and the Royal College of 
Radiologists. 

The endowment of the Trust amounts to approximately 
£45000. It is proposed to use the Trust funds to promote the 
interchange of scholars, scientists and radiologists, to en- 
courage the exchange of ideas and educational aspects 
relative to radiology and radiotherapy, and to further re- 
search in those fields. 

Provision will be made for the granting of bursaries, 
scholarships, travel awards and financial assistance including 
supplementary grants for those involved in educational or 
research programmes within the member countries of the 
European Association of Radiology. 

Consideration will also be given to financial assistance in 
providing or contributing towards educational training 
programmes, reference facilities, congresses or symposia in 
radiology and its allied subjects. 

Application forms in English, French or German may be 
obtained from the Edinburgh E.A.R. Congress Educational 
Trust, c/o, W. & J. Burness, WS., 12 Hope Street, Edin- 
burgh, Scotland. U.K. 


RECENT ADVANCES IN HYPERTHERMIA RESEARCH 

A radiobiology meeting will be held on May 11-12, 1978. 
Titles of papers on technical, biological or clinical aspects of 
the topic are invited and should be sent to Dr. S. B. Field, 
MRC Cyclotron Unit, Hammersmith Hospital, London 
W12 OHS not later than April 14, 1978. 

Further information from the General Secretary, B.I.R. 
(01-935 6237). 


B.LR. ANNUAL CONGRESS Jorvr MEETING AND SCIENTIFIC 
EXHIBITION 1978 

The Annual Congress will include a joint meeting with the 
Royal College of Radiologists, the Royal Society of Medicine 
(Section of Radiology) and the Netherlands Radiological 
Societies, and will be held at the R.I.B.A., London, W.1 on 
April 13-14, 1978. Details from the General Secretary, 
British Institute of Radiology, 32 Welbeck Street, London 
WIM 7PG (01-935 6237). 

The "SILVANUS THOMPSON MEMORIAL LEC- 
TURE” will be delivered at this congress by Sir John Hill, 
Chairman U.K.A.E.A. under the title Nuclear Power and 
the Environment’, 


SECOND CONGRESS or THE EUROPEAN SOCIETY OF 
NUCLEAR MEDICINE 

The Institute and other UK members of the European 
Society of Nuclear Medicine will be hosts to this congress to 
be held in London, April 17-18, 1978. The meeting will in- 
clude a commercial exhibition, scientific demonstrations and 
technologists sessions. 

Further information from the General Secretary B.I.R. 


B.LR. CONVERSAZIONE 
Will be held at Northwick Park Hospital, Middlesex on 
May 17, 1978. Dr. Louis Kreel will arrange demonstrations 
and give a talk "Introducing art into radiology". 
Details from the General Secretary. 


Hicu Dose RATE AFTERLOADING GYNAECOLOGICAL 
IRRADIATION AS AN ADJUVANT TO GYNAECOLOGICAL 
SURGERY: AN ASSESSMENT OF THE CATHETRON 

An evening meeting will be held on May 18, 1978 at The 
British Institute of Radiology (Reid-Knox Hall), 32 Welbeck 
Street, London W1M 7PG. 

Further details from the General Secretary. 













BENIGN Bone Dis Rove or RADIOISOTOPE 
TECHNIQUES 
A joint meeting of the British Orthopaedic Association 
and The British Institute of Radiology, will be held on May 
31, 1978 at the Middlesex Hospital Medical School, 
London. 


WoRLD FEDERATION OF NUCLEAR MEDICINE AND BioLocy 

To be held September 17-21, 1978. The Second Inter- 
national Congress of the World Federation. of Nuclear 
Medicine and Biology will provide an international forum 
for the exchange of scientific information, the dissemination 
of knowledge, and the world-wide promotion of the disci- 
pline of nuclear medicine. 

The Scientific Symposia will encompass all the activities 
and interests of nuclear scientists and physicians: medical 
and health physics; instrumentation; data analysis; radio- 
chemistry; radioassays ; in vivo and £n vitro biochemical and 
physiological measurements; radiopharmaceuticals; func- 
tions and disorders of the cerebral, pulmonary, cardio- 
vascular, abdominal, renal, peripheral vascular, bone, joint 
endocrine, and metabolic svstems. 

'There will be three pre-meeting courses: cardiovascular 
nuclear medicine; positrons, cyclotrons, and tomography ; 
nuclear medicine in developing countries. During the 
meeting, there will be review teaching sessions on the state 
of the art in clinical nuclear medicine. 

'The technologist programme will include considerations 
of quality assurance, recruitment, education and career 
opportunities. 

The meeting has been designed to afford maximum 
opportunities for exchanges of ideas and views among 
nuclear colleagues. 

Morning activities will provide a plenary session, time for 
small discussion groups, and for visiting the exhibits of 
equipment and radiopharmaceutical manufacturers, 

Afternoons will be devoted to contributed papers, poster 
sessions, panels and mini-symposia. 

Further information from Dr. H. N. Wagner, President, 
WENMB Second International Congress, 1629 K Street, 
N.W., Suite 700, Washington, D.C., 20006, USA. 
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41H CONGRESS OF THE EUROPEAN ASSOCIATION OF 
RADIOLOGY 
Will be held in Hamburg, W. Germany, on September 
2-9, 1979. 
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Forthcoming events and other notices 


WoRKSHOP ON THE USE OF COMPUTERIZED 
"ToMoGRAPHIC SCANNERS IN RADIOTHERAPY 

Following the successful workshop meeting on “The Use 
of Computers in Radiotherapy in Europe", held at the Inter- 
national Atomic Energy Agency in July 1976, the Commis- 
sion Informatique of the European Association of Radiology 
will hold a workshop on the “Use of Computerized Tomo- 
graphic Scanners in Radiotherapy”, at the headquarters of 
the World Health Organization on March 28-30, 1979. 

The meeting is designed to promote discussions among 
therapeutic and diagnostic radiologists, physicists and com- 


puter experts with previous experience in this field and will 
be limited strictly to 150 participants. 

The programme will include invited and proferred papers 
and discussions concerning the recognition and definition of 
tumour and target volumes and treatment planning as well 
as future directions for development. The proceedings will 
be published. 

Further information can be obtained from the General 
Secretary, Professor R. J. Berry, Department of Oncology, 
The Middlesex Hospital Medical School, London WIP 
7PN. 





Obituary 


K. E. Jefferson, M.A., F.R.C.P., F.R.C.R. 


Dr. Jefferson, senior radiologist at the National Heart 
Hospital and consultant radiologist at St. George's Hos- 
pital, died on October 23, 1977. He was 54. Educated at 
Oundle, Clare College, Cambridge and Guy's Hospital, he 
qualified in 1946. Early in his career, after obtaining the 
NLR.C.P. and D.C.H., he chose to specialize in radiology 
and following training posts at St. George's Hospital, was 
appointed to the consultant staff of St. George's and 
Brompton Hospitals in 1956. His main interest was always 
in the heart, so that when the new South Block at the 
National Heart Hospital opened in 1961, Jefferson was the 
obvious choice to develop the expanding field of cardiac 
radiology and he rapidly became internationally recognized 
as one of the world's leading cardiac radiologists. A great 
part of his success was due to his ability to integrate cardiac 
medicine and radiology. His teaching sessions were always 
well attended and as a lecturer he was outstanding. He 
undertook many lecture tours abroad, particularly in South 
America which he visited on numerous occasions and made 
many friends. Winner of the Barclay prize of the British 
Institute of Radiology in 1960 for the paper "Thoracic 
Aertography and Cine Radiography of the Aortic Valve", 
he was a member of the Thoracic and British Cardiac 
Societies and the British Institute of Radiology. He was also 
3 corresponding member of several radiological societies in 


South America, and in 1975 was Charles Berns Lecturer and 
visiting professor at the Bronx-Lebanon Hospital, New 
York. In 1971, he delivered the National Heart Hospital 
St. Cyres Lecture on “The Skeleton in Heart Disease". He 
made many significant contributions to the literature, in 
particular as co-author of the book, Clinical Cardiac 
Radiology, which was the fruit of patient hours of teaching 
and research spread over a number of years. He presided 
over the X-ray department at the National Heart Hospital 
like a benign father, gaining not only the respect but the 
friendship of the staff at all levels. He was also a most 
successful chairman of the National Heart Hospital Medical 
Committee, being patient, tolerant and polite but firm when 
the occasion demanded. 

He will be sorely missed by his many friends and col- 
leagues, perhaps most by those to whom he gave inspiration 
to take up radiology as a career. A number of housemen and 
registrars who passed through St. George's and the National 
Heart Hospital will remember with respect and gratitude 
the kindly and charming yet expert way he would solve a 
clinical problem from the X-ray. His death came as a deep 
shock and has left a gap which will be impossible to fill. He 
is survived by his widow. 


S. REES 
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Book reviews 


Radiological atlas of common diseases of the small bowel 

Tomography: physical principles and clinical applications 

Graphs and tables for use in radiology 

Cross-sectional anatomy: computed tomography and ultrasound correlation 


Computerized axial tomography. (An anatomic atlas of serial sections of the human body. 
Anatomy-radiology-scanner) 


Current concepts in radiology 

Chemotherapy of cancer 

Ichiban (Radiation dosimetry for the survivors of the bombings of Hiroshima and Nagasaki) 
Biological effects of microwaves 


Radiologic science: a workbook and laboratory manual 





18 INTERNATIONAL EMINENT INVITED SPEAKERS 
WILL BE IN JOHANNESBURG 


FOR THE 4th SOUTH AFRICAN INTERNATIONAL CONGRESS 


AUGUST 31 TO SEPTEMBER 7, 1978 


There will be extensive coverage on the latest trends in diagnostic radiology, with special reference to 
Ultrasonography and C.T. scans and also particular coverage of paediatric, gastrointestinal, and cardio- 


vascular fields. 
There will be both separated and integrated sessions on nuclear medicine. 


The international invited speakers, who will cover their respective fields 
are from USA, United Kingdom, France, West Germany, Australia and 


Israel, together with honorariums from many other countries. 


For further information please contact: 


Dr. Pete Reichman or Rand Travel 
P.O. Box 2251 P.O. Box 50010 
Johannesburg Randburg 

2000 2125 


Congress Organiser Official Agent 
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SIEMENS 


Higher detail contrast for 
Su perior image quality. 


A 





Siemensnewhighresolution 'H' and 'HN' 


intensifiers are capable of resolution factors up to 
6LP/mm. 


TheSirecon range of image intensifiers gives 
exceptionalresolution with improved distribution 
overlarge and small areas 

Acombination of input screen diameters from 
17-50 cms with or without zooming enables theideal Siemens Limited, Siemens House, Windmill Road 


target area to be viewed Sunbury on Thames, Middlesex, TW16 7HS 
Increased quantumabsorption meanssuperior Telephone: 09327 85691 


In the world of intensifiers 
Siemens hasthe answer. 


efficiency and reduced dosage to the patient 

Sireconimage intensifiers are ideally suited to 
indirect radiography for the varied case-load of busy 
X-ray departments 

Siemens Sirecon puts efficiency and reliability 
into focus 

For full product information contact 


Philips believe 
yat a system for 
eneral angiography 
hould b2 a 
head-to-toe’ system, 
ith full facilities for 
erebral, thoracic, 
bdominal and peripheral 
ngiography. It should offer optimal results - 
sily -with extensive automation for 
onvenience and safety. 


Such an angiography system should 
ature a free choice of oblique, cranio- 
udal and caudo-cranial projections - of 
»monstrated value in revealing lesions that 
ould otherwise be obscured, particularly in 
tructures with complex vascularization 
| addition, a rapid change-over from 
oroscopy to film changer work should be 
ossible, with no difference in image content 
r enlargement between fluoroscopy and 
posure. And the object-film distance should 
e automatically controlled for each 
ojection, with the object remaining centred 
the beam 


To this end, Philips have designed 
1e Poly DIAGNOST UPI. It should be the most 


vanced system available for general 
ngiography.. and itis 


PHILIPS 


r detailed information, write to: Philips Medi 


Everything 
a system 

lor general 
angiography 
should be. 


Medical 





A complete installation 
for general remote controlled 
radiodiagnostics (C5: 





CGR now introduce a new integrated radiological 
installation consisting of a Supralix Remote Controlled 
Table with Tomography * Dualix 1200mA 3-phase X-ray 
Generator * 23cm Image Intensifier with TV System * 
Automatic Dose Control * Automatic Exposure Control * 


SUPRA DUA LIX High-speed Tube and Starter with choice of foci. 
This complete system has been designed for easy 
from installation and servicing as well as for low running costs. 


*The Supradualix is complete for less than the cost 
of many a generator, intensifier and tube alone. 


Full details and specifications from 
CGR MEDICAL LIMITED 


Astronaut House, Feltham, Middx. Tel: 01-890 8166 
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ILFORD... 


than meets 
Ihe eye. 


You'll know them for their X-ray products. 








Yes, but that's only part of the picture. 


Did you know they make Microfilm products for recording 
computer output and for image retrieval systems in banking and 
industry-even the security recording of the millions of football 
coupons returned each week. 

Pick up any newspaper or magazine and not only are 
ILFORD films and papers likely to have been used for the illustra- 
tions, but ILFORD Graphic Arts materials probably played a part 
in printing them on the page. 

Photographic products as diverse as Surveillance film 
used in banks and high-risk security areas, Nuclear Emulsions, 
Cibachrome Colour Printing materials for professionals and 
amateurs- all come from the international complex that is 
ILFORD. 

And they believe in after sales and technical service to 
support the full range. 


That's why we say there's more to ILFORD than meets 
the eye. 





ILFORD 
X-RAY 


ILFORD Limited, Basildon Essex, 
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OU raph 
cinriara 
it grapny 


Your kit starts with any of our three simple one-step preparations 
which combined with our new Sterile Technetium-99m Generator offers 
a complete package for liver, lung, bone and brain scintigraphy. Later 
we will be adding more kits to our range. 

All our kits are tested extensively in clinical trials which include 
the use of other technetium-99m generators as well as our own. All are 
terminally sterilized and every batch is animal tested. 


Agent for Bone Scintigraphy R 
Our Technetium (MDP) Agent gives you the best skeletal visualization W 
available today. The high bone uptake and rapid clearance from blood 
and soft tissue makes this superior to other bone agents giving better 
definition and improved discrimination. p 


New Agent for Lung Scintigraphy 

Our new Technetium (MAA) Agent offers 
detailed lung visualization, with no interference | 
from the liver. Particle size is strictly controlled with o —— 
the majority in the range of 10-80. M 
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New Agent for Liver Scintigraphy 


The latest addition to our 
range is the unique Technetium 
(tin colloid) Agent. Its preparation 
is much simpler than sulphur 

olloid agents and requires no 
heating stage. It will visualize liver 
and spleen and unlike agents 
based on phytate, the colloid is 
formed in the vial, allowing 
quality control checks prior to 
injection. 
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The Radiochemical Centre 

Amersham 


The Rodiochemical Centre Limited, Amersham, England. Tel: Little Chalfont (024 04) 4444. 


in W Germany: Amersham Buchler GmbH & Co, KG, Braunschweig. Tel: 05307-4693-97. 1382/1077 
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PHILIPS 


Ic hine 


More than half the movements needed to position a 
patient for simulation and treatment are movements of the 
table. A poorly designed table can make even a good 
treatment machine awkward to use. A good table can vastly 
improve the flexibility of a system. The movements of the 
Philips table are so versatile, smooth and precise that it can 
enhance operation with existing treatment units that 
otherwise would be difficult to work with. In conjunction with 


a Philips treatment machine this table makes positioning fast, 


precise and easy on the patient. Philips treatment machines 
and tables are, of course, designed for each other; their 
movements are exactly complementary. The same excellence 


of design is common to both; and so is the concern for safety. 


N.V. Philips’ Gloeilampenfabrieken 
PCP/Medical Systems Division 
Building QM, Eindhoven, The Netherlands 


Philips Medical Systems Ltd. 4, 
45, Nightingale, Balham, London SW12 8SX 
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Take a closerlook at 


You'll find they're all made to the same high 
standards. Ask your Kodak Technical Sales Represen- 
tative about 

Kodak ‘Lanex’ Regular Screens —the rare 
earth screens for all round maximum efficiency when 
combined with Kodak Ortho G Film. 

Kodak'X-Omatic' Cassettes —specially designed 
to expel air on closing and provide excellent film/screen 
contact. 


Kodak Ortho G Film—optimum high contrast 
and excellent information content. Green sensitivity 
matches light-emission characteristics of green-emitting 
screens. 

Kodak RP 'X-Omat' Processor, Model 101— 
low cost, low noise, high speed automatic processing wif 
cold water wash. 

Kodak ‘X-Omatic’ Identification Camera 
Model X-1-L—allows the radiographer to record patien® 
data on the radiograph at the point of exposure. 


REPLENISHER DEVELOPERA DRYER 
THERMOSTA 


RP X-OMAT Processor 





hese Kodak products. 


Kodak'Min-R' Screens and Films—the fast,high ^ Representative is well up-to-date with new devel: pment 


finition film/screen combination for mammography, in all areas of diagnostic imaging. 

sing rare earth phosphors. Ring your nearest Kodak Sales Centre whenever 

odak RP 'X-Omat' Processor, Model M6A-N you need information or if you need to contact your 

ir fastest autornatic processor, delivering roll and Kodak Representative: 

eet film at about 168 cm per minute In the Republic of Ireland, ring Dublin 973316; 
Along with each of our high quality products Scotland, Glasgow 248 4071;the North, Manchester 


mes our promise of service, help and advice when you 236 7181;the Midlands, Birmingham 643 8733; the South, 
ed it, especially on the topic of quality control within London 01-405 7841;the West, Bristol 298121 
ur processing area. Your Kodak Technical Sales 


Kodak.We care about your image. Kodak 















Most CTscanners 


have a past. 


With the advent of the CT scanner, 
i bewildering variety of systems were 
rushed onto the market - while the 
technique itself was still in a state 
f rapid development. As a consequence, 
me systems were outdated even 
efore installation was completed 
Now, after careful study of the 
linical requirements, close@ee@nsul- 
tation with the medical profession, 
ind long and rigorous testing, Philips 
present the TOMQ@IGAN 300: a State- 
of-the-art e Te er designed first 
ind foremel a medical instrument. 


Developed and produced by a reliable 
manufacturer of medical equipment 







m 


with years of experience in X-ray 
diagnostics, the TOMOSCAN 300 is the 
medically-oriented system that meets 
all requirements for routine clinical 
practice. It features scan times as short 
as two and a half 
seconds, and offers 
geometrical enlar- 
gement for out- 
standing image 
Quality in a variety 
Of Applications - 
whole-body, cere- 
bral, and paediatric 


n, write to: Philips Medical Systems Nc etherlands 
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TEM proudly present their new 
Ximatron Treatment Planning Simulator 





Important Features 


Digital Readouts on all movements. 
Data output for computer interface 


Interface can be provided to suit customers requirements 


Variable Speed Movements. 


Variable focus-to-axis distance from 80 cm to 120 cm or 
from 60 cm to 100 cm 


Automatic locking positions for 3 focus-to-axis distances 
with automatic change of field size at these distances. 


Movement of the image intensifier axially over 40 cm both 
longitudinally and laterally + 19 cm 


Four independent collimator blades allow asymetrical X-ray 
fields, reducing scattered radiation and improving 
image quality. 


Maximum field size of 50 cm x 50 cm at 100 cm focus axis 
distance 


Motor drive for all unit movements (except Table Top Rotation) 
Isocentric Table with split spine table top 

Remote and local control 

Optical front pointer and distance indicator. 


Wide angle X-ray tube with concentric focal spots also available 


TEM Instruments Limited 


Gatwick Road, Crawley, Sussex, RH10 2RG, England Tel 0293 31244 


[M] Telex: 87397, Grams: TESTMENT CRAWLEY 


USCI Positrol 11 


A range of disposable 
ardiovascular catheters 
or all procedures. 


e USCI Positrol Il range includes over 50 different 
combinations of catheter styles and sizes. All are 
buperb examples of high-precision engineering, with - 
he following built-in features: exclusive super-smooth 
igh gloss finish to reduce vessel trauma; large lumen 
vith excellent flow rate; exclusive, strong metal luer lock 
itting to ensure safe, easy connection and above-standard 
pressure tolerance of 1000 p.s.i.; plus wire reinforced polyurethane 
shaft for efficient torque control. With patient safety in mind, they 
ave excellent tip curve memory and radiopacity. They are also sterile 
backed in trays for tip curve protection, ready for immediate, once-only use. 
e Positrol ll range and other USCI cardiovascular catheters are available from 
Downs, so send the coupon now for full details. 


=) To Downs Surgical Limited, Church Path, Mitcham, S 
ase send me further details of: 
itrol ll Catheters C1 Other USC! Cardiovascular 








| AUSTRALIA 
ROYAL MELBOURNE INSTITUTE OF 
TECHNOLOGY LIMITED 


Lecturer in 
Radiotherapy 


Department of applied Physics 


The appointee would be required to prepare and 
deliver lectures in the various subjects of the 
Radiotherapy Diploma Course, liaise with the 
Peter MacCallum Hospital with regard to Clini- 
cal Instruction for students and to organize and 
supervise the three year course program. 


Applicants should hold an acceptable Radio- 
therapy qualification and teaching qualifications 
and/or experience is desirable. 


Salary is within the range $A14,850 to $A19,549, 
Ref. No. 121/26/AN Closing date 12.5.78. 





Intending applicants should obtain a schedule of 
duties from the Registrar, R.M.1.T. Box 2476V, 
G.P.O., MELBOURNE. 3000. 
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ACTON TECHNICAL COLLEGE 


Computers 





in Hospital 
Service 


A short series of evening lectures dealing 


with the application of computers to 
hospitals. 


| Topicsinclude: 

| Computer Systems, Computer Manage- 
| ment, Software, X-ray Scanner, Future 
| Developments. 
| 


Wednesdays 6.30-8.30 p.m. starting 22nd 
| February. Fee £15. 


Further information and reservations — 
contact M. Grimshaw or D. J. Richardson, 
Acton Technical College, High Street, 
Acton, London W3 6RD or Telephone 
01—993 2344 Ext. 2129/2374. 
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RADIOTHERAPIST 


Department of Radiology and 
Radiotherapy at Pahlavi Medical Center, 
University of Azarabadegan is in need of 





two experienced Radiotherapists, 
preferably with a university career. 


Salary, 18,000—24,000 U.S. dollars per 
annum depending on qualifications. 


Please apply to: 
Chancellor's Office, 
University of Azarabadegan, | 
Tabriz, iran 





British Journal of Radiology 


TEACHING BOOKLETS 


No.1 

The Physical Aspects of 

Radioisotopic Organ Imaging. 

by K.G. Leach (1976) £1.50 


No.2 


Introduction to the Principles of 
Diagnostic Ultrasound, by H. B. 
Meire and P. Armstrong (1976) £1-40 


No.3 

Fundamental Aspects of Medical 
Thermography, by W. M. Park and 

B. L. Reece (1976) £3-40 


Available from the Publications Office, 
British Institute of Radiology, 
32 Welbeck Street, London W1M 7PG 








ANNOUNCING THE 
TR 23cm (9°) 


MOBILE IMAGE 
INTENSIFIER 
WITH NN 
MEMORY OPTION 


-— 





This low cost, high gain mobile image intensifier A wide range of movements assists exact 
has been specially designed for surgical radiology. positioning around the theatre table. 


The latest type 23cm intensifier brings the 








benefit of information over a larger field area. Optional extras include memory storage with 
special double monitor for simultaneous viewing 
The TV system includes image inversion of live and stored images. 
facilities and a separate monitor on a trolley. 
The X-ray tube provides up to 110kV for For details of this unit and a budget 6in version, 
radiography and fluoroscopy. please contact 
“Our 1978-9 catalogue is now available. TODD RESEARCH LTD 
Contact us and a copy will be mailed by ROBJOHNS ROAD 
return B CHELMSFORD CMI 3DP 


J TEL. 62233/7 TELEX 99327 

















. foran 
improved 
working | 
environment 








Something 
FRESH from 
May & Baker 


Full details of this new development will 
be available on our trade stand at 
the Society of Radiographers 
Conference 
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Inthe year 1978, 


of all the 
medical products 


submitted for the 
British Design 


Council Awards: 














The SL 75-20. 
A worldwide reputation 
coupled with one of the most 
coveted awards in industry. 


The SL.75-20 represents a 
major step forward in the design of 
linear accelerators. 

The combination of a high 
energy electron generator, and a 
megavoltage X-ray unit in one 
compact system, offers the busy 
clinic versatility and full facilities for 
intermediate, superficial and deep 
therapy. 

Add to this its experimental 
beam facility and itis easy to 
understand why this machine has 
been chosen by major clinics all over 
the world. 

The Design Council of Great 
Britain selected the SL.75-20 on 
three major aspects. 

Firstly, the engineering design. 
Major innovations include the use of 
magnetron power source and a beam 
control system using a 90° 
spectrometer bending magnet. 

The use of the magnetron 
allowed Philips designers to make 
considerable improvements and 


LIPS 





simplifications to electrical and 
electronic engineering design. 

The beam control system offers 
precise control of the beam energy 
and treatment field uniformity. 


The second aspect of the 
SL.75-20 that impressed the Design 
Council panel was the high standard 
of mechanical engineering, 
particularly the design of the ram 
type treatment table and its smooth, 
precise operation. The ergonomic 
arrangement of the control pedestal 
was another point of favourable 
comments. 

Finally, they recognised the wide 
versatility of the machine in terms of 
usefulness to the modern clinic. 
Usefulness in application and 
economy of operation. 


If you would like to know more 
about this award winning machine, 
simply contact us at one of the 
addresses below. We'll be only too 
pleased to send you brochures and 
information on the SL.75-20. 





MEL, Manor Royal, Crawley, Sussex, England. 
Philips Medical Systems, 45, Nightingale Lane, London, SW12,8SX. 


Divisions of Philips Electronic & Associated Industries Ltd. 








IS GIVEN. 





Manufacturers of outstanding Sponsored by the Government, 
products in both the consumer, and the Design Council was originally set 
rhedical equipment engineering up by the President of the Board of 
products and component fields may Trade in December 1944 as the 
receive a Design Council Award. Council of Industrial Design. Its name 

These are selected by was changed in 1972 to reflect the 


independent judging panels, and Council's extensive and growing 
products that win Design Council Bet S activities in the field of 
Awards are widely publicised as (m engineering design. 
examples of the best current designs : 
intheir respective fields. 
Certificates are presented to 
manufacturers of award-winning 
products by HRH The Duke 
of Edinburgh. 


TheDesign Council. 


Recognising the contribution 
that high standards of design 
can make to the national 
economy and overall quality of J 
life in Britain, the Design 
Council's purpose is to 
improve the design of goods 
manufactured by British 
Industry. 
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E > ate positive pressure system 
automatic elution 
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Y^ Lu, Piper ii 


tesis. sers $ 


ME 


— ; Á n ^ b Easy to lift 
he | and handle 


Convenient, 
well-shielded eluate 
vial container 


Reliable performance and 
consistently high yields RV. | 
from our unique | suse.” | Effective shielding, 
generator column, proved 7 N minimizing radiation 
over many years | à xl dose to the user 


Reliable service and 
supply. Despatched on 
any weekday 





Introducing our second generation generator 





The Radiochemical Centre Amersham 


The Radiochemical Centre Limited, Amersham, England. Tel: Little Chalfont (024 04) 4444 
In West Germany: Amersham Buchler GmbH & Co KG, Braunschweig. Tel: 05307-4693-97 


ithe D AGNOST DO.. 


The DIAGNOST120 - ilips remote- controlled — hosf'of exilio t tein cioe system 
diagnostic system -has'been designed to meet offering so much I&inevitably sophisticated - but 
tomorrow' s requirements +. . as well as today's. dhe BIAGNOST 120% also surprisingly easy 


E j urself, 
That means ensuring consistently first-rate j ; ontrols, continuously 
image quality, whatever the recording technique. ariable speeds for all Movements, and high 
So Mire mpogent in the imaging system haga of automation | u concentrate on the 
en caréfully igned to the highest standards, “The result? You in the necessary 
dvantages as an outstanding Ai tX information, quickly and efficiently. 
mator, a very short tabletop- | 


€ 
ew generation image e c Despite its futuristic speéification, the 
| DIAGNOST 120 is available now 
require : the P 


i Why wa tomorrow? 
DIAGNOST 120 ‘prove , 
you with facilities for a 
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Li 
ho 
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Systems 


PHILIPS E - | F os F D : à = Medical 
«wt 


For detailed information, write to: Philips tical S tems, EifllWOVen. The Netherlands 
or Philips Medical Systems Ltd., 45 Nic P htinc ale ri London SW12 8SX. 
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WE MANUFACTURE 


contrast 


MEDIA 


products 


known 


WORLD-WIDE 


ame isn 


GUERBET 
BETTER CONTRAST MEDIA THROUGH RESEARCH 


Laboratoire Guerbet, 16/24, rue Jean-Chaptal 
93601 AULNAY-SOUS-BOIS Cedex - FRANCE 
Telex : Guerbet 690682 











Medical 
Systems 


The lower of the two scintigrams 
shown here is a 42 x 42 cm liver scan 
The other is a detail of that scan, reprodu- 
ced to the same field size and with 
enhanced contrast to reveal otherwise 
indiscernable evidence of the spleen. 
Rapidly. Both scintigrams were made on a 
Philips Universal Scintillation Scanner 

The ability to reproduce comparable 
scans of total organs, with optimum con- 





trast for regions of interest and without 
the necessity for time-consuming oper- 
ational adjustment, is a unique feature of 
the Philips scintillation scanner 

The existence of the scanner is still 
opportune because of its unsurpassed 
scanning results with high energy 
isotopes. 

Here's how 





1 The basic unit comprises a 5 in scanning area is 400 x 1600mm service organisation, the Philip i 
overtable detector, its 2 in. crystal thick (15441in x 63n ). Scintigram reduction Scintillation Scanner represen he( 
ness allowing a high counting efficiency factor being 4 1 fect integration of operational simpli 

also for high energies An optional under-table measuring head and efficiency with appl tiona xil 

Ten preselected nuclide settings are pre can be added which, together witha ity and reliability 

vided as well as line interval selectior scan control unit, enables pulse sum 

and colour printer and photo scan adjust scanning and + coincidence ins to nao — — — — — 
ment and Bh sical A light beam pointer be obtained TN 
in the collimator enables the central axi 3 A second colour printer and photo (COUPON . uld like further X 
to be accurately positioned. Scanning scan unit considerably extends the ver dence on Ph rsal Scintillatic 
speed adjustment is continuously vari ;atility of the Philips Universal Scintillation Scanner, or on ar T jipment ir | 
able up to 75mm/s (450 cm/min or approx Scanner by enabling other original scan if uclear ne programme, complete the | 
3in /s). All control functions are optimised based on different parameters. to be dde e n i and ai o: Philips Industr eh 

and strategically positioned to ensure ar obtained Furthermore. recording and iE: riis Ld yay Lond | 
exceptionally high degree of operational storage of original scanning data can be e 4 

efficiency and satety achieved by means of a tour track | | 
2 Total body and profile scanning can compact-cassette recorder In the play 

also be performed by means of an of back mode r« dings can be reproduced | c ompany = | 
tional motor-driven tabletop. This enable using different scanner settings. ie. dif | Name/Position: —— | 
two-speed longitudinal movement of ferent colour printer control signals —— À 
100mm/min (approx 4in /min) and | ity/Country | 
200mm/min (approx. 8in /min) and faci Part of a complete programme ot 

tates profile scanning using slit colli nuclear medicine equipment and systems \ Street/P O Box E J 
mators. With the total body version the ind fully supported by an internationa Ces a — a —— —— — a a an^" 
Industres Ltd 45. Nightingale M nd 
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For sale 


Philips Super 70 Three Phase six pulse X-ray 


pocket Generator Output 800MA at 60KV, 600MA at 


dosimeters f y 90KV 400MA at 125KV 








Please contact The National Hospitals for 
Nervous Diseases, Queen Square, London 


WC1N 3BG Tel No. 01-837 3611 


detection and 





y measurement of 
gamma radiation 


WANTED 
ACCURATE 
ROBUST DIAGNOSTIC 


RELIABLE RADIOLOGIST 


required for group in large western Canadian 
city. Training in ultrasound, mammography and 
Nuclear Medicine an asset. Private clinic 
R-A Stephen practice and hospital affiliation. Please reply to 
AND COMPANY LIMITEI Box No. 7, British Journal of Radiology, 

Miles Road Mitcham CR4 3YP Tel 01-648 1668/9 32 Welbeck Street, London W1M 7PG. 


we serve the world through our agents 

















Postgraduate Course in Angiography 


The European College of Angiography will offer its second postgraduate course : "Diagnostic and 
therapeutic procedures in angiography” from September 4 through 8, 1978, near Leiden, Holland. 

The course will be held at the Leeuwenhorst Congress Center in Noordwijkerhout. Lectures and symposia 
on diagnostic and therapeutic procedures in angiography will alternate with discussions on technical and 
diagnostic problems. 


The College will ask for approval by the American College of Radiology and the American Medical 
Association. 


The program committee is made up of Erik Boijsen, M.D., Anders Lunderquist, M.D., and Ad van 
Voorthuisen, M.D. 


The faculty consists of Sidney Wallace, M.D. and Manuel Viamonte Jr., M.D. from the USA, and members 
of the European College of Angiography. 


The fee is Dfl. 500. 


For further information contact 

Ad van Voorthuisen, M.D. 
Department of Diagnostic Radiology 
University Hospital 

Leiden, Holland 

tel. 071—147222, ext. 2042 
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in Europe,every 
more eyes are focused on Curix fil 
than on any other X-ray film. 





Thousands of radiologists which an accurate and 
prefer to make a diagnosis clear diagnosis is always 
from a radiograph on achieved. 
Curix film. And, after all, that's what 
f They are choosing Curix for really matters. 
its high definition, optimum 
! contrast, brilliance andlow Further information from: 





fog level. Agfa-Gevaert Ltd., 
j In a word, Curix film means Medical X-Ray Sales Dept., 
' "quality" in medical 27 Great West Road, 
radiography. Brentford, Middx. TW8 9AX. 


A consistent quality from Tel: 01-560 2131 


The New 
3M Extremity Systems 
will Show you more. 
More Quickly 
More safely 





ventional detail film/screen combinations. 
Ideal,for instance,if patient movement 
isa problem. 

Completing these Systems is the 3M 
Cassette, designed for use with the 

Up till now, every time you've taken optional Daylight Identification Printer 
aradiograph of an extremity,you've been which lets the radiographer print the 
faced with the usual compromise between Pàtient's name directly onto the film in 
image quality and exposure risk. the x-ray room. 

A dilemma. But now you can solve it. Between them,the new Trimax 
Extremity Systems can clear up all those 
areas of doubt-safely and with quality. 

Find out more from your 3M 

The secret of the new Trimax EI representative,or contact: Alan Budge, 
Extremity System's success is Trimax X-Ray Products,3M United Kingdom Ltd. 
rare earth phosphor technology. 3M House,PO Box 1,Bracknell, Berks. 

The Trimax EI System gives youthe RG12 ae gs Bracknell (0344) 58227. 
superior image quality of non-screen film, 
but with exposure levels as low as con- 1 
ventional film/screen combinations. Dorny ing 


Even faster is the new Trimax Ell ay i L Radiographers’ Conference. 


System. You still get good detail, E at a 


a a a 


_ ThenewTrimax EI Extremity System: 
Sharp detail at reduced exposure 


See the new Trimax 
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The generator [r mim Thy ads 
at your fingertips. {LL w 
Thanks to = 
the modular principle. 





m modular means made to measure 
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J| The Philips Modular Generator series gives you full control o' 
your generator while attending to the patient being examined. 

Controls for the Modular Generator are integrated in the DIAGNOST 73, 
within your natural reach so that you can select the appropriate parameters 
for every routine examination yourself. This system of anatomically 
programmed radiography leaves you free to concentrate on the patient, while 
retaining full control over the generator. 
The modular construction allows the installation to be designed to meet your 
specific requirements, and to be extended as your department grows. 
Modular means made to measure 


1 ; 2 





1. All controls are, of course, duplicated on the generator desk. 


2. -- 3. For bucky work on the DIAGNOST 73, or an 
additional unit, the generator desk incorporates 
additional controls for anatomically programmed 
radiography. You are free to distribute the settings you 
require over the available push-buttons in whatever way 
you like. 


4. The generators incorporate automatic kV and mA 
control ensuring bright, evenly illuminated fluoroscopy 
pictures. If necessary, you can override the automatic 
settings for special fluoroscopic techniques. 


For further details contact Philips Medical Systems, 
Eindhoven, The Netherlands, or Philips Medical Systems 
Ltd., 45 Nightingale Lane, London SW12 8SX, 


pups) Medical 


S Systems 
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OPEN PALM 
MITTENS 


Length 16in. (41cm). 
Ladies or gents sizes. 
Supplied singly or in pairs. 





W. S. ROTHBAND & CO. LTD 21 Elizabeth Street, 


Telephone 061-834 1303 Manchester, M8 8WT 
Established 1860 





Lead equivalent 0.35mm or 0.50mm. 





NUCLEAR MEDICINE PHYSICIAN 
(Full Time) 


Experienced nuclear medicine physician required to assume charge of an 
enlarged Department of Nuclear Medicine located in a new building. The 
physician must be fully qualified in Nuclear Medicine with experience in all 
related fields including Cardiology. 


The candidate must either have or be capable of obtaining his or her Fellow- 
ship (Nuclear Medicine) from the Royal College of Physicians and Surgeons 
of Canada and be eligible for full registration with the College of Physicians 
and Surgeons of Ontario. Suitable candidates will be eligible for a teaching 
appointment — Faculty of Medicine, University of Ottawa. Fluency in French 
would be an asset. 


Further particulars and application forms may be obtained from: Director, 
Ottawa Clinic Ontario Cancer Foundation, Ottawa Civic Hospital, 
1053 Carling Avenue, Ottawa, Ontario K1Y 4E9, Canada. 











True qualities that 
come as a revelation 


Conray 
contrast 
media 





The dependable qualities and wide scope of 'Conray 
contrast media have been clearly demonstrated throughout 
many years of use in the field of radiodiagnosis 

'Conray' offers a choice of formulations designed to 
provide wide margins of safety and comfort for the 
patient together with optimum visualization in a 
comprehensive range of procedures and techniques 


'Conray'* contrast media are formulations of meglumine 
iothalamate, sodium iothalamate or combinations of 
the two 


*trade mark of Mallinckrodt Inc 


Further information is available in the data sheet 
May & Baker Ltd Dagenham Essex RMIO 7XS 


ATE us aae] 1i: 
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40 years of 
experience and 
expert 
knowledge 

can be made 
yours 

very easily 


«^ Idelft 


Oldelft England Ltd 
Croydon CRO 1JN, 16 Barclay Road 
Tel. (01) 681 1171, telex 946154 


-- 
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Radiodiagnosis 

Odeica x-ray cameras 

100 mm System for spotfilm 
photography 

Deltorax chest film changer 
Odelscope image intensifier for 
fluoroscopy 


Ultrasound 

Real time linear phased array systems 
Cardiac phased array sector scanners 
General purpose gray-scale 
compound scanners 


Mead Office Holland 


Beige Belgique ' 
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Nuclear medicine 

Gamma cameras with complete range 
of accessories (e.g. multi-imager, 
whole body scanning bed) 


Radiotherapy 
4 and 15 MeV linear accelerators 
Cobalt units 


Deutschland D 65 
Te 64°) 470 49 


Espana Va 
France 914 sa e ox 
italia 00146 Roma Via della Vasca Navale && Tel (06) 55 843 
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Simulix-Y, the most stable and 
accurate radiotherapy planning 
simulator ever made. A tomographic 
device, the Simtomix, may be added to 
enable whole body cross section 
pictures to be produced in the 
radiotherapy planning department 


Radiotherapy planning 
Simulix-Y simulator with Simtomix 
accessory for analog whole body 
tomography 


Pulmonary function testing 
Computerized equipment for the 
pulmonary lab 

Automated procedures in spirometry, 
flow/volume loop analysis and 
exercise testing 
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The new portable real-time ultrasc 
scanner from Kontron Roche 


e Built to a unique design, offering all the facilities 
you require for obstetric and general abdominal scanning 
e Truly portable design makes it very easy to use in 
ante-natal clinics and other departments within hospitals 
e Simple operation facilitates routine obstetric investiga- 
tions with the minimum of fuss — e Fetal maturity 
estimations can be established quickly using the integral 
electronic calipers which automatically reproduce an 
On-screen digital display. @ Results are permanently 
recorded with the built-in camera e [he excellent 
grey-scale display shows moving structures up to 25 cm 
deep. e All our customers are backed by a national 
24 hour Kontron Roche service 


serving — = 
the world 


- 





For further information, please c 
coupon below and post to Dr. 
Kontron Instruments Ltd., P.C 
Watford WD2 4YX or telephc 
(0923) 47666 


Please contact me to arrange a de 
of/send me further informat 
the Axiscan 5 


POSITION... uus us 
ADDRESS... 


TELEPHONE. . 
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Teaching Booklets 


Published by 
The British Institute of Radiology, 32 Welbeck Street, London W1M 7PG (1976) 


No. 1 The Physical Aspects of Radioisotopic 
Organ Imaging 
by K. G. Leach £1.50 


No. 2 Introduction to the Principles of Diagnostic 
Ultrasound 


by H. B. Meire and P. Armstrong £140 : 
No. 3 Fundamental Aspects of Medical 

Thermography 

by W. M. Park and B. L. Reece £3-40 


The introduction of the Part | F.R.C.R. (now also Part 1 D.M.R.) has meant that radiologists in 
training are expected to learn a number of subjects not previously included in the syllabus, and 
not easily available in standard books. The aim of the present series of Teaching Booklets is to 
provide simple introductory texts on some of these topics. 

Although the original purpose was to meet the needs of trainee radiologists it has become clear 
that the potential readership is wider than this, and we very much hope that the Booklets will be 
of value to radiographers, and to other technicians beginning to work in the field of nuclear 
medicine, ultrasonics and thermography. 


CUT HERE 





ORDER FORM Post to: 


British Institute of Radiology 
32 Welbeck Street 





TEACHING BOOKLET 1, 2 and 3 London W1M 7PG 
Please supply copies of Teaching Booklet/s 1, 2, 3 

Cheque/postal order for £ enclosed (pounds sterling) 

Dispatch to: 

Name . 








Address 
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Review Articles (reprinted from the British Journal of Radiology) 


The Possibility of Hazard in Medical and Industrial Applications of Ultrasound 


by C. R. Hill (August 1968) 50p 

An Evaluation of Conventional Radiography in Acquired Heart Disease 

by R. G. Grainger (October 1970) 50p 

The Plain Chest Radiograph in Congenital Heart Disease 

by K. Jefferson (November 1970) 70p 

The Kinetics of Tumour Cell Proliferation and Radiotherapy 

by M. Tubiana (May 1971) 75p 

Radiation Therapy in Diseases of Larynx 

by R. Morrison (July 1971) 75p 

The Radiological Diagnosis of Adrenal Tumours 

by D. Sutton (April 1975) 75p 

Bone Scanning 

by M. V. Merrick (May 1975) 75p 

Tumour Imaging Radiopharmaceuticals 

by A. H. F. Paterson and V. R. McCready (July 1975) 50p 

Pharmaco-radiology in Barium Examinations with Special Reference to Glucagon 

by L. Kreel (September 1975) 60p 

The potential of californium-252 in radiotherapy 

by E. J. Hall and H. Rossi (October 1975) 75p 

Craniopharyngioma: based on 160 cases 

by M. Banna (March 1976) 80p 

Pancreatic Scanning 

by J. E. Agnew, M. Maze and C. J. Mitchell (December 1976) 70p 

Gastro- oesophageal reflux, hiatus hernia and the radiologist, with special reference to children 

by G. M. Steiner (March 1977) 65p 

Classification and radiographic features of uterine malformations: hysterosalpingographic study 

by E. Zanetti, Liliana D. Ferrari and G. Rossi (March 1978) 55p 
S GUT HERE 

ORDER FORM Post to: 


British institute of Radiology 
32 Welbeck Street 








Please supply the following reprints of REVIEW ARTICLES London W1M 7PG 
Cheque/postal order for £ enclosed” (pounds sterling) 

Dispatch to: 

Name 








Address 














Signature. Remittance must accompany all orders of less than £1 


1978, British Journal of Radiology, 51, 321-327 
VOLUME 51 NUMBER 605 


MAY 1978 


The British Journal of Radiology 








Late meningeal effects of myelographic contrast media with 


special reference to metrizamide 


By Elsemarie Berg Hansen, M.D., A. Fahrenkrug, M.D., and J. Praestholm, M.D. 
Radiological Department |, Bispebjerg Hospital and Radiological Department, Hvidovre Hospital, 


Copenhagen, Denmark 
(Received November, 1977) 


ABSTRACT 

Two hundred and fifty-six myelograms in 192 patients 
were followed by repeat myelography using a water-soluble 
contrast medium. The films of these re-examinations were 
analysed for signs of meningeal changes. Adhesive arach- 
noiditis had developed in five of 46 cases after methiodal 
sodium, in 24 of 96 cases after iothalamate meglumine, in 
seven of 12 cases after iocarmate meglumine, in seven of ten 
cases after iodophendylate, but in none of 90 cases after 
metrizamide. Dose of contrast medium, observation time 
and protein concentration of the CSF were found to be 
factors of importance for the development of adhesive 
arachnoiditis. 


Water-soluble contrast media have been used 
extensively for lumbar myelography in Scandinavia 
and other European countries, since they allow very 
reliable diagnosis of disc herniation. The intro- 
duction of better contrast media has constantly 
lowered the incidence of acute side effects, which 
in lumbar myelography with metrizamide are 
approaching the level of side effects of simple lumbar 
puncture (Grainger et al., 1976; Hansen et al., 1976). 
Adhesive arachnoiditis is a serious late side effect, 
not only of the oily contrast media, but also the 
absorbable water-soluble media hitherto employed. 
Metrizamide has been in clinical use in our depart- 
ments since November 1973. This investigation is an 
attempt to evaluate the incidence of adhesive 
arachnoiditis after myelography with metrizamide, 
as compared with other contrast media. 


MATERIAL AND METHOD 
From November 1973 to March 1977 a total of 
1230 lumbar myelograms were performed using 


metrizamide. Ninety of these myelograms were re- 
examinations with metrizamide and constituted the 
material evaluated for myelographic changes after 
metrizamide. The patients examined during the 
first 22 months, on whom myelography with 
contrast media other than metrizamide had pre- 
viously been performed, were selected as material 
for comparison; in these the following contrast 
media had been employed: methiodal sodium 
(Abrodil, Conturex, Kontrast- U) in 46 myelograms, 
iothalamate meglumine (Conray) in 96, iocarmate 
meglumine (Dimer-X) in 12, iodophendylate (My- 
odil, Pantopaque) in ten, and oxygen in two myelo- 
grams. The total material thus comprised 256 
repeat myelograms which could be compared with 
the original myelograms. The number of patients 
was 192: 142 patients had undergone two myelo- 
grams, 37 patients three myelograms, 12 patients 
four myelograms, and one patient five myelograms, 
'The distribution of age and sex at the time of the 
primary myelography is shown in Table I. 


Technique of myelography 

The doses of water-soluble contrast media 
employed for the primary myelograms are shown in 
Table II. The dose of iodophendylate was 9 ml, 
which was evacuated, although incompletely, after 
the examination. All myelograms with iothalamate 
meglumine and iocarmate meglumine with doses 
higher than 1420 mg I were performed in other 
hospitals. Lumbar injection of contrast medium in 








TABLE I 
AGE AND SEX DISTRIBUTION AT THE TIME OF PRIMARY MYELOGRAPHY 
15-29 years 30-44 years 45-60 years > 60 years ‘Total | 
Male 10 $1 42 3 106 | 
33 3 86 


Female 11 39 
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‘TABLE H 
INCIDENCE OF POST-MYELOGRAPHIC ARACHNOIDITIS IN RELATION TO NATURE AND DOSE OF WATER-SOLUBLE CONTRAST MEDIUM 
EMPLOYED 
| Dose of water-soluble contrast medium used at the previous myelography 
i —— 
| 51040 mg I 1041-1419 mg I 1420-1999 mg I = 2000 mg I 
| | 
Contrast Examin- Examin- Examin- Examin- 
medium ations Arachnoiditis ations | Arachnoiditis | ations | Arachnoiditis | ations | Arachnoiditis 
| N n 96 N n 96 N n 95 N n v 
Methiodal | 
Sodium 44 4 9 1 0 1 1 100 
Iothalamate 
meglumine 0 78 14 18 8 4 50 10 6 60 
locarmate 
meglumine 1 0 5 1 20 4 4 100 2 2 100 
Metrizamide 0 90 0 0 


























TABLE II 





"THE INFLUENCE OF A SUBSEQUENT OPERATION ON THE INCIDENCE OF POST-MYELOGRAPHIC ARACHNOIDITIS 





Contrast Re-examinations 


medium 


Patients operated upon between the 
examinations 





Arachnoiditis 






Patients not operated upon between the 
examinations 








Re-examinations Arachnoiditis 











N 
Methiodal sodium 35 
lothalamate meglumine 74 
locarmate meglumine 7 
Metrizarnide 73 
lodophendylate 7 
Oxygen 0 





our departments is performed with the patient in the 
upright sitting position. After the injection the 
patient is placed in the supine position with the 
head end of the table elevated 20 deg. Our technique 
of myelography with metrizamide has previously 
been described in detail (Hansen et al., 1976). In 19 
of the primary myelograms 8 ml metrizamide 
170 mg I/ml, isotonic with the CSF, was employed, 
and in 71 mvelograms 5 ml metrizamide 280 mg I/ml. 


Signs of adhesive arachnoiditis 
Adhesive arachnoiditis was diagnosed if one or 
more of the following radiological signs were 
demonstrated on the water-soluble contrast medium 
myelogram: 
(1) Non-filling of the sacral and lower lumbar 
root-pockets, usually symmetrically distributed. 
(2) Incomplete filling of root-pockets compared 
with the original myelogram. 
(3) Disappearance of the normal cauda equina- 
striation of the lower part of the contrast column. 
(4) Narrowing of the caudal sac. 





Irregular indentations and incomplete filling of a 
single root-pocket at the site of a previous oper- 
ation were interpreted as defects due to scar tissue 
formation from the operation and not as indicative 
of arachnoiditis. 


RESULTS 

Radiological signs of adhesive arachnoiditis were 
found in 43 myelograms: in five of 46 cases (11%) 
after methiodal sodium, in 24 of 96 cases (25%) 
after iothalamate meglumine, in seven of 12 cases 
(5895) after iocarmate meglumine, in seven of ten 
cases (70°) after iodophendylate, but in no case 
after 90 myelograms with metrizamide. 

The occurrence of adhesive arachnoiditis was 
shown to be dependent on the dose of the water- 
soluble contrast medium (Table I1). The higher the 
dose, the greater the incidence of adhesive arach- 
noiditis. 

The material has been further analysed to dis- 
cover whether the treatment of the patients or 
conditions in the patient might have been the cause 
of the arachnoiditis. 
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TABLE IV 
THE INFLUENCE OF THE INTERVAL BETWEEN MYELOGRAPHY AND OPERATION ON THE INCIDENCE OF POST-MYELOGRAPHIC 








978 




















ARACHNOIDITIS 
Interval between myelography and operation 
<6 days 7-30 days 7 30 days No operation 
Contrast Re-examin- Arach- | Re-examin- | Arach- Re-examin- Arach- | Re-examin- Arach- 
medium ations noiditis ations noiditis ations noiditis ations noiditis 
— m 
N n | % N n| % N n | % N ni% 
PEINE ts " s = ume EAS Le EA EL NAE HEAR 
Methiodal 
sodium 16 0 15 2 13 4 2 | 50 11 1 9 
lothalamate 
meglumine 43 9 21 24 8 33 7 2 |29 22 2 23 
Tocarmate 
meglumine 7 6 86 0 0 5 1 20 
Metrizamide 50 0 0 19 0 0 4 0 0 17 0 ü 
lodophendylate 4 3 75 3 2 67 0 3 3 | 100 
Oxygen 2 0| 
um a 



















































TABLE V 
THE INFLUENCE OF TIME ON THE INCIDENCE OF POST-MYELOGRAPHIC ARACHNOIDITIS 





<1 month 





1 month — 1 year 







Interval between two myelographies 











> 1 year 











































Re-examin- Re-examin- Re-examin- 

Contrast ations Arachnoiditis ations Arachnoiditis ations Arachnoiditis 
medium a 

N n N N 
Methiodal sodium 2 0 41 
Iothalamate meglumine 4 0 81 
Iocarmate meglumine 1 0 9 
Metrizamide 5 0 24 
Jodophendylate 0 8 
Oxygen 1 





TABLE VI 





— 


Protein concentration of the CSF at the previous myelography 





DEI 





1 























« 50 mg 95 50-70 mg % | > 70 mg ĉa Unknown | 
Contrast Re-examin- Re-examin- Re-examin- Re-examin- 
medium ations Arachnoiditis ations Arachnoiditis ations Arachnoiditis ations 
N n 7 N n Do N n Os N 

Methiodal i 

sodium 26 3 12 7 0 6 1 17 7 
Tothalamate 

meglumine 64 12 19 17 6 35 7 3 43 8 
locarmate 

meglumine 10 5 50 1 1 100 i i 100 0 
Metrizamide 63 0 16 0 5 0 6 
Iodophendylate 6 5 83 1 0 1 1 100 2 
Oxygen 2 0 

i | 
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The material was divided into patients operated 
upon and not operated upon after myelography. As 
can be seen in Table III, a subsequent operation 
tended to adhesive 


increase the frequency of 


arachnoiditis 
The 


subsequent operation has been claimed to be of 


interval between myelography and the 
importance for the development of arachnoiditis. 
This has not been verified in our material (Table IV). 

The observation period, ;.e. the interval between 
the original and subsequent myelogram, proved to 
be of importance (Table V), as the frequency of 
adhesive arachnoiditis rose with increasing interval 


between the two myclograms. 


The age and sex of the patients did not influence 
the frequency of adhesive arachnoiditis. 

The protein concentration of the CSF at the 
primary myelography was of some importance, as 
higher frequencies of adhesive arachnoiditis were 
seen with increasing protein concentration (Table 


VI) 


DISCUSSION 
Neurosurgeons are very conservative with regard 


to intradural explorations in patients with adhesive 
of the 

been 
verified by operation and histological examination. 


arachnoiditis, and therefore relatively few 


cases demonstrated by myelography have 





Fic. 1. 

\) Lumbar myelogram (right oblique position) using 7.5 ml iothalamate meglumine 282 mg I/ml in a 37-year-old male 
omplaining of recurrent lumbar pain with radiation to the right leg. Normal root-pockets and contour of the spinal canal 
were found, No improvement was seen during physiotherapy. 

B) A second myelogram six months later using 5 ml iothalamate meglumine 282 mg I/ml revealed signs of adhesive arach- 
noiditis with obliteration of sacral root-pockets, narrowing of the caudal sac, and disappearence of the cauda equina striation. 
A subsequent operation revealed the right 1. sacral root to be fixed by an old, free prolapse, which was removed without 
opening the dura. 

(c) Five years later a third myelogram was performed with 8 ml metrizamide 170 mg I/ml because of recurrence of symptoms. 
The adhesive arachnoidtis showed slight progression. At operation the sacral dural sac was opened. No fila radicularia were 
found in the subarachnoid space as they were tightly bound to the dura within thickened arachnoid matter. A biopsy of the 
irachnoid showed fibrous tissue with parallel bundles of collagen fibrils with only few fibrocytes. 
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The radiological picture of adhesive arachnoiditis, 
is, however, quite characteristic, and there are no 
obvious diagnostic pitfalls. It has been described 
following both oily (Moseley, 1977; Teng and 
Papatheodorou, 1967; Smith and Loeser, 1972) and 
water-soluble contrast media (Cronqvist and Fuchs, 
1964; Halaburt and 1973). In 


Lester, adhesive 


arachnoiditis the root-pockets agglutinate, and the 
nerve roots of the cauda equina glue together, 
forming a thick bundle in the subarachnoid lumen 
(Cronqvist and Fuchs, 1964), or else the nerve 
roots adhere to the arachnoid and dura, resulting in a 
characteristic narrowing of the caudal sac and loss of 
the cauda equina striation (Smith and Loeser, 1972). 





Fic. 2. 


Lumbar myelography (both oblique positions) using 5 ml metrizamide 280 mg I/ml in a 61-vear-old female with 

lumbago. Signs of adhesive arachnoiditis with obliteration of root pockets and loss of cauda equina striation are 

shown. Thirty-one months earlier an iodophendylate myelogram had been performed because of neck pain. No 
prolapse was found. 9 ml of Pantopaque were injected, 4 ml of which were evacuated after this examination. 
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One single case in the present series in which 
intradural operation was performed verified this 
(Fig. 1). 

À number of case reports of adhesive arach- 
noiditis after myelography with oily contrast media 
have been published (Hurteau et al., 1954; Bucy and 
Speigel, 1943; Tarlov, 1945; Sarkisian, 1956), and 
recently a more extensive study has been reported, 
where in our opinion oil myelography may have 
played a part in the aetiology of adhesive arach- 
noiditis (Moseley, 1977). 

Lumbar iothalamate meglumine myelography 
became increasingly popular in the late sixties 
(Ahlgren, 1969; Gonsette and André-Balisaux, 
1968; Praestholm and Lester, 1970), and the first 
report of adhesive arachnoiditis after this examin- 
ation was rapidly published (Autio et al, 1972). 
‘The diagnosis of adhesive arachnoiditis by means of 
water-soluble contrast medium myelography (Cron- 
qvist and Fuchs, 1964) had its renaissance, and 
several articles reporting adhesive arachnoiditis after 
myelography with water-soluble contrast media 
have since been published (Ahlgren, 1973; Halaburt 
and Lester, 1973; Irstam and Rosencrantz, 1973; 
1974; Liliequist and Lundström, 1974; Skalpe, 
1976). It was now recognized that the hitherto em- 
ployed water-soluble sodium methiodal could also be 
responsible for this effect, a possibility first men- 
tioned in 1972 by Bidstrup. 

We did not find adhesive 
myelography with metrizamide. This agrees with 
the findings of Skalpe, 1976, who reported 77 
repeat myelograms with metrizamide employing 
doses of 1700 to 3000 mg I. In only one patient 
with adhesive arachnoiditis due to previous methi- 
odal myelography, succeeded by operation, did he 
find a minor progression of the changes after 
metrizamide. 

Among other aetiological factors investigated, we 
found the dose of contrast medium to be the most 
closely correlated to the development of adhesive 
arachnoiditis (Table H). This correlation was first 
described for iothalamate meglumine by Halaburt 
and Lester, 1973, and for iocarmate meglumine by 
Ahlgren, 1973. For iothalamate meglumine Ahlgren 
was not able to find any correlation between dose of 
contrast medium and frequency of adhesive arach- 
noiditis. However, Irstam et al., 1974, assumed that 
the differences in incidence of adhesive arach- 
noiditis after iothalamate meglumine in their 
material and Ahlgren’s could be explained by 
difference in dose, an opinion which is supported by 
our results. Our low incidence of adhesive arach- 
noiditis after methiodal sodium may also be explained 


arachnoiditis after 


by the low dose employed, compared with higher 
doses of contrast medium and higher frequencies of 
adhesive arachnoiditis reported by Ahlgren, 1973, 
and Liliequist and Lundstróm, 1974. The higher 
frequencies reported by Irstam et al., 1974, may be 
explained by difference in technique. They performed 
the injection with the patient lying in the lateral 
position resulting in a high concentration of contrast 
medium on the same side of the spinal canal, while 
in Denmark we traditionally inject the contrast 
medium with the patient in the upright sitting 
position, thus producing greater dilution of the 
contrast medium with CSF. 

Operation subsequent to myelography has pre- 
viously been shown to increase the incidence of 
adhesive arachnoiditis significantly (Ahlgren, 1973; 
Irstam et al., 1974; Liliequist and Lundstróm, 1974; 
Skalpe, 1976). This effect of surgery was not 
prominent in our material (Table III), which may be 
explained by the fact that a relatively large number 
of myelograms with high doses of iothalamate 
meglumine were among the unoperated patients, 
and contributed to the higher incidence of adhesive 
arachnoiditis in this group. 

Our finding of an increasing incidence of adhesive 
arachnoiditis with increasing observation time 
(Table V) may be of special interest, even if Irstam 
et al., 1974, and Skalpe, 1976, did not find any 
positive correlation of this nature in their materials. 
The method of selection of our material resulted in a 
shorter observation. time for myelograms with 
metrizamide. Future studies with a longer observa- 
tion period with metrizamide are therefore necessary. 

A weak positive correlation between increased 
protein. concentration in the CSF at primary 
myelography and the incidence of late adhesive 
arachnoiditis was found (‘Table VI). This correlation 
was first described by Halaburt and Lester, 1973, 
but not confirmed by Ahlgren, 1973. Animal 
experiments with injection of a mixture of iothala- 
mate meglumine and homologous serum in the 
spinal canal of rabbits did not show any potentiation 
of the adverse effect of iothalamate meglumine on 
the leptomeninges by a high protein concentration 
in the CSF (Halaburt and Praestholm, unpublished 
data). 

A very high incidence of adhesive arachnoiditis 
was found after the oily medium iodophendylate. 


CONCLUSION 
Adhesive arachnoiditis due to myelography or to 
myelography succeeded by operation is common 
with the water-soluble and oily contrast media 
hitherto employed. No leptomeningeal changes 
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were discovered in our material of 90 re-examin- 
ations after lumbar myelography with metrizamide. 
Because of this superiority to other media, its low 
acute toxic effects, and the high diagnostic accuracy 
of water-soluble contrast medium myelography 
(Hansen et al., 1976), we recommend that metri- 
zamide be considered the medium of choice in 
lumbar myelography. 
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Book review 


Radiopharmaceutical dosimetry symposium. Edited and com- 
piled by R. J. Cloutier, J. L. Coffey, W. S. Snyder & E. E. 
Watson, pp. ix+518, 1976 (U.S. Department of Health, 
Education and Welfare, Maryland) $6.20. 

This is a report of the proceedings of a conference held at 
Oak Ridge in April 1976, sponsored by various organizations 
including the US Food and Drug Administration’s Bureau 
of Radiological Health. Since the previous symposium, 
organized by Oak Ridge Associated Universities in 1969, 
there have been substantial changes in the range of radio- 
pharmaceuticals used, and progress has been made in 
obtaining information concerning their retention by the 
body and in methods of dose calculation. 

The symposium, with the stated objective to present the 
most up-to-date concepts of internal dosimetry techniques, 
was conducted in seven half-day sessions, followed by an 
imperfectly recorded panel discussion. Most of the 139 
registered participants were based in centres in the USA, 
but speakers were selected to provide an overall coverage of 
the subject in some 40 separate contributions. 

The papers were not entirely concerned with technique 


and useful indications are provided of the modifications to 
the dose delivered in abnormal and paediatric situations. 
W. S. Snyder and co-workers provide important data 
derived from considerations of the dose potentially de- 
livered to the stomach wall, bladder, gonads and fetus. 
'The dosimetry of particular radiopharmaceuticals such as 
6-131]-jiodomethyl-19-norcholesterol for adrenal scanning 
and those used for the various established organ studies is 
reviewed. Radioactive gases are also discussed and tabu- 
lations are provided of the dose commitment to organs and 
tissues from !??Xe. Although the need for microdosimetry 
was sometimes stressed, there was scant reference to work of 
this nature, and one suspects that the future sophistication 
of dosimetry will lie in this direction. 

The volume contains certain papers which should be 
required reading for those working in the field of internal 
dosimetry. It also contains tabulations of specific absorbed 
fractions, mean dose per unit cumulated activity and other 
parameters which could be of value to those seeking to 
evaluate the dose in particular circumstances. 

M. F. CorrgALL. 
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ABSTRACT 

Four patients suffering from Hodgkin's disease developed 
osteonecrosis following therapy and both femoral heads 
were involved in each case. Retrospective review of ab- 
dominal radiographs taken for follow-up lymphography 
demonstrated that the earliest radiological changes in bone 
were evident between five and 18 months after treatment 
was started and between six and 21 months before the onset 
of symptoms, The clinical implications are discussed. 


Bone involvement is found in 5-1095 of patients 
with Hodgkin's disease and may be lytic, sclerotic, or 
mixed in appearance. Osteonecrosis, or avascular 
necrosis, is not a recognized feature of this condition. 
The purpose of this communication is to report the 
occurrence of osteonecrosis in four patients fol- 
lowing therapy and to emphasise that pain arising 
from osteonecrosis may be clinically confused with 
Hodgkin's infiltration of bone. The radiological 
findings are described and discussed in relation to 
treatment and onset of symptoms. 


CLINICAL MATERIAL 

This study was occasioned by the discovery of 
radiological changes of osteonecrosis in the hip of 
one patient who presented with pain following treat- 
ment for Stage IH Hodgkin's disease. Subsequently 
three other patients presented in the same way. The 
clinical details of each patient are individually sum- 
marized, three patients receiving combination radio- 
therapy and chemotherapy, and one patient re- 
ceiving chemotherapy alone. None gave a history 
nor had evidence of diabetes mellitus, gout, alcohol 
or drug abuse, dysbaric disease or previous relevant 
trauma. Abdominal radiographs taken at regular 
intervals following diagnosis were available in all 
four patients and these included the femoral heads 
in most instances. It was therefore possible, in 
retrospect, to analyse sequential radiological changes 
and to correlate these with the therapy regime and 
onset of symptoms. 


CASE REPORTS 

Case 1 

A male aged 22, presented in January 1962, with night 
sweats and weight loss, generalized lymphadenopathy and 
hepatomegaly. Lymph-node biopsy showed nodular scleros- 
ing Hodgkin's disease and he was clinically staged as HIB. 
Single agent chemotherapy was commenced with Cyclo- 
phosphamide, followed by Vinblastine until in May 1965, 
he developed painful left inguinal lymphadenopathy. An 
applied dose of 1500 rad in seven fractions/12 days (max. 
bone dose: 1030 rad) was administered to a single small 
anterior field covering the left groin and including the 
proximal femoral head using a 6 MeV linear accelerator and 
he subsequently received further systemic therapy with 
Procarbazine. In January 1970, the development of enlarged 
tender nodes in the right inguinal region also required local 
irradiation (3500 rad applied in 12 fractions/16 days on 
59Co unit). The field again included the major part of the 
femoral head (max. bone dose: 2401 rad). Further chemo- 
therapy was not given, However, in April 1971, his original 
symptoms returned and he was treated with six courses of 
MVPP* combination therapy and remained well until 
January 1973, when he complained of pain and stiffness of 
the right hip. Radiographs showed early changes of osteo- 
necrosis in both femoral heads. On the right, progressive 
structural failure required the insertion of a low friction 
arthoplasty in June 1974. Histological examination of the 
excised bone showed no evidence of Hodgkin's disease. A 
full articular survey in August 1975 revealed unsuspected 
osteonecrosis in both humeral heads. 


Case 2 

A male aged 21, presented in February 1974, with 
malaise, weight loss and a swelling in the neck. Biopsy of a 
right supraclavicular node revealed Hodgkin's disease of a 
nodular sclerosing type which was staged IIIb disease fol- 
lowing laparotomy and splenectomy. Between May and 
December 1974, he received six courses of MVPP chemo- 
therapy. In May 1975, pain developed in the right hip 
region and there was radiological evidence of established 
osteonecrosis in both femoral heads. 


Case 3 

A 26-year-old male presented in November 1971, with a 
mass in the right side of the neck and frequent night sweats. 
Biopsy revealed nodular sclerosing Hodgkin’s disease, 
classified Stage IIIb following laparatomy and splenectomy. 
In January 1972, treatment commenced with a course of the 








*MVPP—Mustine, Vinblastine, Procarbazine, Predniso- 
lone. 
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Fic. 1. 


Case 3 


Direct magnification radiograph of excised femoral head 

specimen. Articular collapse has occurred with the for- 

mation of a large dense subarticular osteonecrotic seques- 

trum. (4) There is subjacent reactive cyst formation and 

sclerosis. Note the osteophyte arising from the medial 

articular margin and the periosteal thickening of the inner 
aspect of the femoral neck 


MVPP regime and was followed by total nodal irradiation* 
using a 15 MeV linear accelerator. A further five courses of 
MVPP commenced in September 1972 and the patient 
subsequently remained symptom-free for 18 months. He 
began to complain of right hip pain in April 1974, at which 
time both femoral heads showed radiographic changes of 
osteonecrosis. His symptoms progressed and in May 1977, 
he underwent a total hip replacement on the right side. 
Direct magnification radiography clearly demonstrates 
characteristic segmental collapse and sequestration (Fig. 1). 
Histological examination of the specimen showed no evi- 
dence of Hodgkin's disease in the femoral head 


Case 4 

A male, aged 23, noticed a lump in the left side of the neck 
in June 1972. Cervieal node biopsy at another hospital 
revealed nodular sclerosing Hodgkin's disease and the 
patient was referred for further investigation. Following 
laparatomy and splenectomy, this was pathologically staged 
Illa disease. He was treated between January and April 
1973, with total nodal irradiation and remained well until 
hilar lymph node recurrence and pulmonary involvement 
was observed on follow up chest X ray in January 1974. 
Treatment with six courses of MVPP resulted in complete 
disappearance of all detectable disease, until he complained 
of discomfort in the right hip in July 1975. Early changes of 
osteonecrosis were present in the right femoral head and in 
November 1975, a radiological asymp- 
tomatic lesions in the left hip and right shoulder 


survey revealed 


RADIOLOGICAL FINDINGS 
Three types of radiological change were recorded 
and are classified according to the evolution of the 


disease. 





*3500 rad MPD in 20 fractions/28 days to “mantle” field 
followed one month later by 3500 rad MPD in 20 fractions 
28 days on "inverted Y”. 





Fic. 2. Case 3. 


Focal lesion—femoral head. There is a fairly well-defined 
crescentic area of bone destruction in the femoral head, as 
well as a little patchs (Planning film, 


radiotherapy, but after chemotherapy.) 


sclerosis pror to 


Early focal lesion 
The first radiological changes consisted of an ill- 


í 


defined crescentic subarticular zone of rarefaction 


occupving the outer half of the femoral head (Fig. 2 

This was accompanied by patchy dense mottling in 
the adjacent bone. The combination of irregular 
radiolucency and sclerosis was pronounced in two 
patients and the changes extended into the femora 
neck region. Retrospective review of serial abdomi 
nal X-rays indicated that early focal lesions were 
2 befor« th« 


and 21 months 





apparent between six 
onset of symptoms and between five and 18 month 


after the commencement of therapy. 


Established subarticular lesion 

This stage was identified by the formation of 
discrete zone of rarefaction clearly demarcated by a 
thin sclerotic rim. In predominantly segmental 
lesions, the general configuration of the defect re 
mains crescentic or ovoid in relation to the articular 


cortex (Fig. 3). Central lesions, however, occupy the 
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Fic. 3. Case | 
Established lesior \ discrete zone of rarefaction has 
eco demarcated by a marginal sclerotic rim (^) 
Mixed radiolucent and sclerotic changes extend into the 
femoral neck. There is some acetabular rarefaction 


greater part of the femoral head, appear cystic and 
may contain dense amorphous calcification. These 
lesions were by sclerotic 


accompanied reactive 


changes in the adjacent femoral head or neck and 


variable acetabular rarefaction 


Irticular collapse 
At this stage, the lesion has progressed to struc- 


tural failure of subarticular bone resulting in collapse 


of the joint. This was promptly accompanied by 
periosteal buttressing along the inner margin of the 
femoral neck (Fig. 4). Subsequent joint deformity 
invariably led to secondary osteoarthrosis neces- 


sitating surgical intervention in two patients. 


DISCUSSION 
Ihde and Devita (1975) have r« ported two patients 
with Hodgkin's disease and two with non-Hodgkin's 


lymphoma who developed osteonecrosis in the 


> 


M. Park and L. B. Cannell 





Fic. 4. 


Structural failure of subarticular bone 

results in collapse of the joint. Secondary joint deformity 

occurs with osteoarthrosis and periosteal buttressing of the 
inner margin of the femoral neck. 


Articular collapse 


femoral heads following intensive combination 
chemotherapy which included the administration of 
intermittent corticosteroids. 

A further four cases, all in patients with Hodgkin's 
disease, are now reported, In none of the patients 
has it been possible to establish a single clear 
aetiological relationship. In this respect, this re- 
sembles the condition of so-called spontaneous or 
idiopathic osteonecrosis of the femoral head (Patter- 
son et al., 1964; Merle D'Aubigné et al., 1965) 

The interval between the appearance of radiologi- 
cal changes and the onset of symptoms in this small 
group of patients is comparable to other tvpes of 
osteonecrosis. In dysbaric osteonecrosis, it may be 
months or years after symptoms, before radiological 
signs develop, if at all (Davidson, 1976). It is of note 
that each of the four patients in this series had one 
symptomatic hip lesion and two had unsuspected 
involvement. 


shoulder Retrospective analysis of 
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abdominal films in the four patients with Hodgkin's 
disease indicated that radiological signs were evident 
in the hips some six to 21 months before the onset of 
symptoms. A comparison was made of the temporal 
relationship between diagnosis of Hodgkin's disease, 
initiation of quadruple therapy and hip symptoms. 
The average interval between diagnosis and bone 
pain was 4.4 years and there was only 22.5 months 
separating the initiation of combined therapy and 
symptoms. It has not been possible to find any 
histological evidence of Hodgkin's disease in either 
of the two excised osteonecrotic femoral heads. This 
would suggest that the bone lesions are somehow 
related to the combined therapy rather than to 
Hodgkin's disease itself. 

'The occurrence of osteonecrosis in association 
with a variety of medical conditions for which high 
dose or intermittent steroid therapy has been used is 
well documented, but the exact role of corticoster- 
oids in the production of bone damage is still 
controversial. The evidence is largely circumstan- 
tial and frequently conflicting (Murray, 1960; 
Velayos, 1966; Fisher et al., 1969; McCollum et al., 
1970; Harrington et al., 1971; Solomon 1973). 

In case 3 early asymptomatic radiological changes 
were detectable in the femoral head within six 
months of the administration of a total dose of only 
500 mg of Prednisone. It is perhaps reasonable to 
speculate that osteonecrosis occurs when a number 
of aetiological factors coincide in patients with par- 
ticular vulnerability. 

Certainly, each of these cases has stage IH disease 
with a histological type (nodular sclerosing) which 
appears to have a predeliction for bony involvement. 
Each underwent bipedal lymphangiography as part 
of the pre-treatment assessment, but no signs of oil 
embolism could be found in the two femoral head 
specimens subjected to histological examination. 
Although three patients received radiation therapy 
to the regions of the hip joints (two as part of the 
total nodal irradiation and one to obtain control of 
local aggressive disease) treatments were applied 
using megavoltage beams which characteristically 
produce less preferential bone to soft tissue energy 
absorption when compared with orthovoltage beams. 
In no case could the dose absorbed by the femoral 
heads be considered to exceed the tissue tolerance of 
normal bone and it is now the policy in total nodal 
wide field irradiation to shield the regions of the 
femoral heads where possible while ensuring that all 
disease is encompassed. In his very large series of 
patients with Hodgkin's disease, Kaplan (1972) was 
able to record only one instance of pathological 
fracture following treatment by radiation therapy 


alone and in our case 1 the development of humeral 
head lesions was entirely unrelated to any local 
irradiation. We have observed no instances of bone 
necrosis in patients treated solely with cytotoxic 
agents and have found only one associated case 
reported in the literature. The suggestion, however, 
that corticosteroids are a contributing factor in the 
production of bone damage in what is a very small 
proportion of cases treated with combination chemo- 
therapy is at present no indication to remove this 
drug from the present treatment schedules which 
have resulted in such a dramatic improvement in the 
quality of life and prospects for survival in patients 
with advanced or recurrent Hodgkin's disease, The 
British Lymphoma Investigation (1975) has reported 
a striking reduction in the complete remission rate 
from 809; with MVPP to 44% with MVP in Stage, 
IV disease suggesting that Prednisone is a very 
important component of this schedule. 

While it is rare for Hodgkin's disease to be com- 
plicated by bone necrosis, it seems likely that this 
association may occur more frequently than is at 
present clinically appreciated. In order to assess 
this, the routine abdominal follow-up lymphangio- 
grams were examined in 100 random patients treated 
for Hodgkin's disease in this hospital. This has 
identified six with early signs of otherwise unsus- 
pected osteonecrosis in the femoral heads and these 
patients will be closely followed for further develop- 
ments. In conclusion, any patient who has received 
treatment either by chemotherapy or radiotherapy or 
a combination of the two and who complains of bone 
or joint pain, should be carefully screened for the 
characteristic signs of early osteonecrosis. If changes 
are suspected, an articular survey is indicated since 
any convex joint surface, in particular the shoulders 
and hips may be affected. In these patients it is 
important to distinguish osteonecrosis from malig- 
nant infiltration and thus avoid further potentially 
inappropriate therapy. 
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Book review 


Lymphoreticular Disease, By I, Carr, B. W. Hancock, L. 
Henry and A, Milford Ward, pp. 214, 136 illus., 1977 
{Blackwell Scientific Publications, Oxford, London, 
Edinburgh, Melbourne). {9:25 (Paperback.) 

Presented as an introduction, this book covers in small 
compass the extending range of disorders of lymphoreticular 
tissues—from hypoplasia through hyperplasia to neoplasia. 
Leukaemias and tropical diseases are expressly excluded, 
although the former will often enter into the differential 
diagnosis of obscure lymphadenopathies, and in these days 
of commonplace air travel some knowledge of the latter in 
this context is essential. The emphasis is upon histopathol- 
ogy and the book will thus be of more value to the pathol- 
ogist than to the clinician who is unlikely to have either 
time or material ever to become really familiar with the 
subtle changes seen in biopsy, surgical and autopsy speci- 
mens either by light or electron microscopy. Clear and 
concise textual descriptions cover the histology of a wide 
variety of lesions and are well illustrated in monochrome. It 
is however a pity that cytology is largely omitted, since in 
some instances, e.g. myelomatosis, it can be of great 
practical value, 

The introductory chapter defines the main cell types of 
Iymphoreticular tissues—lymphocytes, plasma cells, reticu- 
Ium and “reticular” cells and macrophages (histiocytes), des- 
eribing their paraffin section morphology, ultrastructure and 
behaviour. Since recognition, sometimes enumeration of 
these various cells both in health and disease, likewise of 
certain pathological variants of unsure histogenesis, is 
fundamental to the whole diagnostic method, a compre- 
hensive colour plate showing cytomorphology would have 
added much, although doubtless increasing the cost of 
production of the volume. Moreover, in describing archi- 
tectural changes in lymphoid and related tissues, several 
simple line diagrams to illustrate their somewhat com- 
plicated micro-anatomy would have been most helpful. 


The majority of morbid anatomists would agree that 
possibly the most difficult area in diagnostic histopathology 
is the lymph-node biopsy; hence the paramount need to 
understand the topographical structure of lymphoid tissues 
and this cyto-analytical method of study which leads to 
rational diagnostic synthesis. The well written textual 
descriptions give ample warning of difficulties of interpreta- 
tion of observed changes, whether by light or electron 
microscopy. Nevertheless one feels the need for a further 
chapter in which the natural sequences of histological 
diagnosis are more closely followed to a decision tree which 
may lead to firm diagnosis, to a differential listing or a 
recommendation for other investigations. The broader 
aspects of investigational tactics are well covered in Chapter 
11 (Investigation & Management), but not the analytical 
approach required by the histologist except in respect of 
malignancy or otherwise. 

'The classification and staging of lymphoreticular dis- 
orders are well described and discussed and a useful section 
deals briefly with the essentials of other appropriate in- 
vestigations—-haematology, biochemistry, immunology and 
various radiodiagnostic procedures, tbe latter with some 
stress on isotope scanning and lymphography. These 
sections will perhaps prompt the interested reader to turn 
elsewhere for amplification, a similar comment also applying 
to the still advancing subject of treatment. 

Good descriptions are included of thymic, splenic and 
hepatic disease, the latter being particularly relevant to the 
process of staging as now practised for Hodgkin's disease. 
‘There is also a short but practical appendix on technical 
methods for the pathologist and electron microscopist. 

In summary, this book is excellent value and well prod- 
uced with an extensive bibliography and adequate subject 
index. It certainly covers the subject well despite its 
brevity. 

C. H. G. Price. 
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ABSTRACT 

Closed needle aspiration/biopsy was performed in 19 
patients with suspected spinal disc space infection. A 
precise diagnosis was made from the material obtained in 13 
(6894); the infecting organism was isolated in 11 and malig- 
nant tumour diagnosed histologically in two. There were no 
important complications. The procedure which is described 
in detail is simple to perform and can be carried out early in 
the course of a patient's stay in hospital, thereby enabling 
prompt treatment. 


The diagnosis of disc space infection can be difficult 
and is often delayed. Appropriate antibiotic therapy 
depends on identifying the pathogenic bacteria. 
Needle aspiration/biopsy is a simple, reasonably 





*Reprint requests to Dr. A. H. Chalmers. 
+Present address: Department of Radiology, University of 
Virginia, Charlottsville, Virginia 22901, U.S.A. 


effective and safe method of obtaining material from 
the infected disc and adjacent vertebrae. We wish to , 
present our experience in using the technique in 19 
patients with suspected disc space infection. 


MATERIALS AND METHODS 

All 19 patients included in this report were re- 
ferred for needle aspiration/biopsy because of sus- 
pected disc space infection. 

They presented with the following features: 
(1) Back pain which had been present for 1-11 
months before biopsy. None of the patients had, 
as far as is known, been given antibiotics. 
Localized radiological abnormality showing: 
(a) disc space narrowing 


TABLE I 
CLINICAL AND PATHOLOGICAL DETAILS 






























































Case No. 1 i 2 3 4 5 6 7 8 
Age 56 4.5 68 51 20 68 64 60 
ESR 1 T t 1 t N t N 
WBC (i t j N t N $ i N 
Temp. 1 N N N 1 1 t N N h 
Culture St. TB St. TB TB Stp.A Stp.A St. Stp.A St. | 
Histology T = N E — — Inflamm. N Inflamm.| Bone 
Bone 
i 
Case No. T 12 13 14 15 16 17 | is | 09 
Age 21 45 28 75 69 63 16 | 50 36 
ESR t 1 t t 1 1 1 1 i 
WBC 4 ^ N ^ ^ N N N N 
Temp. t + N N 1 t N N N 
Culture St. T Stp. A St. Stp.A St. St. Stp.À E.coli 
Histology T — — Inflamm — Inflamm. | Inflamm. — — 
inet 
Stp.A  =Staph. aureus 
St. == Sterile 
^ = Increased 
N == Normal 
T = Tumour 


Inflamm. = Inflammatory tissue, non specific 
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(b) bone destruction on one or both sides of the 
disc 
(3) A clinical suspicion by the referring orthopaedic 
surgeon or rheumatologist that infection was 
present 
Between 1970 and 1977 22 patients fulfilled these 
criteria. In 19 records were adequate. In three 
patients records were inadequate and these are not 
included in this report (organisms were obtained in 
two of these patients so their exclusion does not give 
an advantageous bias to the figures presented). 
l'he age range was from 4.5-87 vears with a mean 
of 47 vears, Eight cases were male and 11 cases were 
femak 
lhe levels of the lesions in the spine and their 
nature are shown in the histogram. Relevant clinical 
and pathological details are shown in Table I. 


'TECHNIQUI 
l'he aim is to introduce a needle into the area sus- 
pected of being diseased. It is sometimes possible to 
aspirate pus through an ordinary needle; we use a 14 
cm 18 gauge translumbar aortogram needle. Friable 
bone can also be sucked into such a needle and then 


be expelled with a trocar, but in many instances a 





trephine biopsy is required, Even if pus is present it 


may not be possible to reach it without cutting a FiG 


window" through the overlying bone. Needles ‘The needles used in aspiration/biopsy. Local anaesthetic is 
capable of cutting through the bone of the vertebral injected via the 23 gauge spinal needle (a) and aspiration is 
attempted with the 18 gauge translumbar needle (b). Before 
biopsy the skin is punctured with the perforator (c), followed 
Craig (1956). We use the Ackerman Instrument by the cannula (d) plus trocar (f). The trocar is then replaced 
by the trephine (e). 


body have been described by Ackerman (1956) and 


(Becton Dickinson) with which a core 1.5 mm in 
diameter can be obtained. The component parts are 
illustrated in Figs. 1 and 2. 

In the lumbar region the needles are introduced 
through the muscles of the back along a course that 
ivoids the transverse processes of the vertebrae and 
the kidneys to reach the postero-lateral aspect of the 
vertebral bodv as shown in Fig. 3 

[he procedure can be performed under local 
anaesthesia; we have used Pethidine as a premedica- 


tion and Xylocaine 2°,, to the periosteum for local 




















Fic. 1 


4) The Ackermann needle comprises a trocar (closed arrow) 


Fic. 3. 


The needle enters the postero-lateral aspect of the vertebral 

body, thus ensuring a long intra-osseous course. The rela- 

B) When the trocar has been removed the trephine (arrow tionship to the aorta (4), inferior vena cava (v) and kidneys 
head) is inserted (K) is shown 


ind cannula (open arrow) 


-$ 
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anaesthesia. If the patient's back is tender local 
anaesthesia is usually insufficient to prevent con- 
siderable pain as the needle nears the site of patho- 
logy. Most patients with infection have local tender- 
ness and we now use general anaesthesia in all cases 
of suspected infection. 

The patient lies prone on the X-ray table under a 
standard vertically image intensifier. 
Horizontal screening is a considerable advantage 
over films for the control of the lateral projection. 


orientated 


With it, the whole procedure can be accomplished 
in 10-20 minutes. We use a portable 17 cm image 
intensifier aligned horizontally (Siemens Siromobile 
2). If the patient is at the centre of both beams access 
for the operator becomes difficult, so we offset the 
portable machine and simply move the floating table 
top on which the patient is positioned to achieve 
optimum centring. 

The skin of the back is prepared as for surgery. 
The point of entry of the needle is 7-9 cm from the 
mid-line for lumbar 6-7 cm in 
thoracic region. The level, decided at fluoroscopy, is 
chosen so that the needle will reach the affected area 
without hitting transverse processes or ribs. The 


discs, and the 


approximate angle of entry is 45 deg. To sample 
material from the L5/S1 disc or lower half of L5, the 
needle needs to be angled caudad from a point above 
the iliac crest to pass below the transverse process of 
L5. This is one of the most difficult sites to biopsy as 
the pathway is so limited. Before passing the tre- 
phine instrument, a 23 gauge spinal needle is passed 
down to the periosteum of the postero-lateral portion 
of the disc or vertebral body to be sampled. This 
needle can be used for injecting local anaesthetic, 
Using the biplane screening the needle tip can be 
accurately positioned. A perforation is made in the 
skin and underlying fascia with the skin perforator. 





Fic. 4. 


The trocar and cannula in contact with the postero-lateral 
aspect of the vertebral bodv. 


w 


— 





unt 


Puncturing the skin with the perforator is necessary 
because the tip of the trocar is deliberately blunted 
so that, according to Ackerman (1956), “‘it 
advance through muscles and thin fasciae, but not 


can 


through nerves or blood vessels, which are not in- 
jured by the non-cutting instruments if limited 
force is applied". The trephine guide (trocar) with 
its outer closely fitted cannula (Fig. 4) is then passed 
along the same path (the fine needle may be left in 
place and the trocar/cannula combination passed 
alongside it). It is easy to feel when the point of the 
trocar hits the bone or the ligaments surrounding the 
disc. This is checked in both planes by screening. 
The outer cannula is then advanced over the trocar 
using a rotary movement until it is observed to 
cover the tip. The trocar is removed and the tre- 
phine, which has serrations which cut when rotated 
clockwise, can now be passed through the cannula to 
cut into the bone or disc (Fig. 5). Suction is applied 
to the trephine needle as it is advanced with clock- 
wise rotation. A vigorous twist is made just before 


Fic. 5. 
The trocar has been replaced by the trephine which projects 
beyond the end of the cannula (arrow head) into the verte- 
bral body. Note the reduced joint space and paravertebral 
soft tissue mass (open arrows). 
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Distribution of Lesions 






1 
2 
a 
4 
5 
THORACIC E Sterile 
8 Tumour 
9 Tuberculosis 


Staph. aureus 
E.coli 





LUMBAR 


SACRAL 


Fic. 6. 


Note that two disc spaces were involved in one patient with 
tumour. In all the other patients only one space was affected, 


withdrawing the specimen in order to ensure that 
the core breaks free. Once a small window has been 
cut in the cortex the passage of the trephine becomes 
easier, The longer trephine is 4 cm longer than the 
cannula and specimens can be obtained across the 
full diameter of the vertebral body. Care is taken not 
to pierce the front of the vertebral body as the aorta 
and the inferior vena cava are in close proximity. If 
the initial cannula position is on the lateral aspect of 
the vertebral body there is less bone for the trephine 
to traverse, so the postero-lateral site is usually 
preferable. 

It has been our practice in patients with sus- 
pected disc space infection to obtain samples from 
the affected disc and from the abnormal bone in 
the adjacent vertebrae, but if pus is aspirated we 
stop, because so far all samples containing pus have 
grown pathogenic organisms. We have found that 
even if the disc is substantially narrowed it may 
occasionally only be possible to find pus in the ad- 
joining vertebrae. 

Once the needle is removed, a small dressing for 
the puncture point is all that is required. 


RESULTS 
in five patients (26%) the disc space was en- 
tirely lost; organisms were cultured in three of these 


patients. In the remaining 14 the disc space was re- 

duced; organisms were cultured in eight and tumour 

diagnosed in two. 

Pus was obtained in eight patients (4295) and the 
organism was grown on each occasion, three cases 
being Mycobacterium tuberculosis, four being Staphy- 
lococcus aureus, and one being Escherichia coli, We 
drained 135 ml of pus from one unsuspected tuber- 
culous abscess and the extent of the cavity was dem- 
onstrated by the injection of water soluble contrast 
medium. Friable bone was obtained in four patients 
(2195), one being tumour, one growing Mycobac- 
terium tuberculosis, one growing Staphylococcus 
aureus, and one being sterile. Macroscopically 
normal bone, as judged by the operator, was ob- 
tained in seven (37%) and of these five were sterile, 
one grew Staphylococcus aureus and one was tumour. 

In 13 patients (6897) the diagnosis was established 
(11 infections and two tumours). In the remaining 
six the procedure was unhelpful. 

The outcome of the patients on follow-up for one 
to five years is as follows: 

(1) The 11 patients in whom an organism were cul- 
tured were treated appropriately and all im- 
proved, 

(2) Both patients with malignant disease sub- 
sequently died; the diagnoses were confirmed at 
autopsy. 

(3) Six patients had sterile cultures and no malig- 
nancy on histology. In two of these the clinical 
and radiological diagnosis was of tuberculosis 
and so despite the negative culture they were 
given antituberculous therapy and improved 
clinically. The histology was of non-specific 
inflammatory tissue. One was given a course of 
antibiotics but was lost to follow-up. One was 
given no treatment, clinically did not change 
and is thought to have degenerative disease. 
Two others were not treated and were lost to 
follow-up. Radiologically they were also prob- 
ably degenerative disease. 


COMPLICATIONS 

In one case a tuberculous abscess formed in the 
soft tissues along the needle track. This patient had 
at least one unsuspected paraspinal abscess prior to 
needling, and the extra one made little difference to 
his management. The patient with E. coli disc in- 
fection developed pneumonia following a biopsy of 
T9/10. This patient had a small pneumothorax 
following the procedure and the pneumonia appears 
to have developed in the lung traversed by the 
needle. 
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Discussion 

An accurate diagnosis in patients suspected on 
clinical and radiological grounds to have spinal in- 
fection is often difficult. Laboratory investigations 
do not always provide the answer; the leucocyte 
count and E.S.R. may be normal (Harris and 
Kirkaldy-Willis, 1965; Kemp et aL, 1973a). 
Staphylococcal anti-alpha-haemolysin and anti- 
Panton Valentine leucocidin titres cannot be assayed 
universally and were positive in only three of the five 
cases of proven Staph. pyogenes infection in the 
series reported by Kemp ef al. (1973b), but in ten out 
of 94 of their patients with proven tuberculosis there 
was significant elevation of one or both of these 
antibodies, i.e. a false positive result. Even in those 
cases where there is little doubt regarding the 
presence of disc space infection, optimal treatment 
depends on isolating the infecting organism. Blood 
cultures are positive in one quarter or less of patients 
with pyogenic infection (Ambrose et aL, 1966; 
Garcia and Grantham, 1960; Griffiths and Jones, 
1971). 

In many patients absolute proof of infection and 
subsequently the sensitivities of the organisms to 
antibiotics depends on culturing material obtained 
directly from the infected disc or bone. Biopsy 
during surgery for paraparesis, the prevention of 
deformity, or the drainage of abscesses is one 
method, but open surgical biopsy is also under- 
taken for purely diagnostic purposes (Kersley, 1977). 
Isolation of the organism at open operation was 
achieved in 7394 of tuberculous infection (Kemp et 
al., 1973b). 

Needle aspiration/biopsy in our series provided a 
positive diagnostic yield in 13 of the 19 patients 
(68%). In 11 the infecting organism was cultured, in 
two tumour was diagnosed on histology. Ambrose 
(1966) obtained the infecting organism in eight out 
of 16 patients with pyogenic infection and Garcia 
(1960) in five out of ten such patients. Clearly, 
lower success rates will be achieved in patients who 
have received antibiotic therapy prior to needling. 
Since material is also obtained for histology, it is 
possible to confirm the diagnosis of infection in at 
least some of the patients in whom it proves im- 
possible to isolate the organism. 

As with all needle biopsy techniques spinal needle 
aspiration/biopsy cannot be relied upon to exclude 
pathology. In six of our patients the technique was 


classified as unhelpful in that we failed to grow an 
organism and no tumour was found on histology. 
'Two of these were almost certainly infection, as in 
these two histology showed inflammation. 

The complication rate is very low. One of our 
patients developed an abscess along the needle track 
but as he already had tuberculous paraspinal ab- 
scesses the extra one did not materially affect his 
management. A second patient developed pneu- 
monia following biopsy of a thoracic dise space 
which cleared rapidly on treatment. Except in these 
patients there was no post-procedure discomfort, 
and the patients had no symptoms to suggest to them 
that anything had been done to their back. 

Since needle aspiration/biopsy is a comparatively 
minor procedure and requires only 30 minutes in an 
X-ray room (providing screening in two planes is 
feasible), it can be undertaken concurrently with 
other tests rather than waiting until all investiga- 
tions are completed, as is often the case with open 
surgery. Needle aspiration/biopsy, if positive, may 
avoid open surgery which is a major procedure when 
the prime object is to obtain material for diagnosis. 
We would therefore recommend that it should be 
undertaken early in the course of the patient's in- 
vestigation, except where urgent surgery is re- 
quired for other reasons. 
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ABSTRACT 

The metacarpal index was measured in radiographs of the 
hands of 615 male and 667 female Jamaicans aged over two 
years. The index increased with age from two years to 
adulthood, and was greater in females than in males, and 
greater in the left hand than the right hand. Means and 
standard deviations of the index for the left hand are pre- 
sented as standards. An index of 9,6 for males and 10.1 for 
females over the age of 13 years is suggested as the upper 
limit of normal (three standard deviations above the mean). 
These standards are higher than those previously reported, 
and are probably applicable to other black populations 
outside Jamaica 


The metacarpal index (MCI) has been used in the 
assessment of arachnodactyly since the technique of 
its measurement was described in 1960 (Sinclair 
et al.). In succeeding years Parish (1960, 1966, 1967) 
produced tables giving means and standard devia- 
tions separately for 133 British men and women 
between the ages of 21 and 45 years, and his upper 
limit of three standard deviations above the mean 
has come to be accepted as the separation between 
normal and arachnodactyly (Lusted and Keats, 
1972) 

In 1969 Joseph and Meadow published figures for 
50 British infants up to the age of two years, but 
there have been no reports of the MCI between the 
ages of two and 21 years. 

During routine reading of hand X-rays of Ja- 
maicans, who are predominantly of African origin, it 
appeared that many apparently normal subjects had 
long, slender fingers. If it is presumed that Parish's 
subjects were white, then no studies have been 
published on the MCI in blacks, apart from a few 
cases mentioned by Eldridge (1964). The aim of this 
investigation was to establish the normal range of the 
MCI in Jamaican children and adults. 


SUBJECTS 
The MCI was measured in 1282 hands in two 
groups of subjects. The first group was of 400 hand 
X-rays drawn from the files of casualty films in the 
University Hospital of the West Indies. The films 
were selected only so far as to ensure that the subject 
was 20 years old or over, and that there was no 
evidence on the X-ray of any metacarpal abnor- 
mality. The oldest subject was 89 years, and 42%, 
were between the ages of 20 and 29 years. There 


— 


w 


were 100 X-rays each of male left, male right, female 
left and female right hands. No information was 
available on the height of the subjects, nor on the 
presence of disease other than in the hand. 

The second group of 882 radiographs were from 
subjects living in the rural Jamaican district of 
Lawrence Tavern. Those aged two to four years 
were X-rayed in 1966, and were the subject of 
longitudinal investigations of child development 
(Standard et al., 1969). Children from seven to 16 
years attending a primary school in the same area 





Fic. 1. 


Radiograph of a hand showing how the length and width of 
each metacarpal was measured, 
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TABLE I 


THE METACARPAL INDEX IN ADULTS OVER 20 YEARS 
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Mean metacarpal 
Males Number of subjects index Standard deviation Range 
Left hand 100 7.88 0.58 6.67-9.96 
Right hand 100 7.53 0.58 6.28-9.42 
Females 
Left hand 0.64 6.43-9,95 
Right hand 0.60 6.77—9.46 
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‘THE METACARPAL INDEX OF MALES AGED TWO TO 20 YEARS 
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4.81-6.98 
4.79-7.52 
6.09-8.41 
5.97-8.60 
6.15-8.76 
6.26-8.85 
6.12-8.77 
6.39-8.69 
5.99-8.17 
6.10-9.02 
6.69-8.53 
6.27-8.95 
6.72-8.10 
6.38-9.29 
6.99-9.16 
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THE METACARPAL INDEX OF FEMALES AGED TWO TO 20 YEARS 






































Metacarpal Index Height 

Number Correlation 

of Standard Standard coefficient of 

Age subjects Mean deviation Range Mean deviation MCl/height 
2- 42 6.44 0.62 4.82-7.75 88.9 44 4-24 
3- 86 6.68 0.79 4.73-7.98 93.5 4.9 +.18 
4- 16 7.24 0.70 6.34-8.15 104.0 5.0 F.34 
7- 29 7.43 0.78 6.07-8.91 120.4 5.2 4.36 
8- 27 7.59 0.65 6.35-8.63 125.4 5.9 —.01 
9- 41 7.47 0.75 6.03-8.80 128.4 6.3 H.22 
10- 43 7.85 0.80 6.17-10.52 135.7 7.3 H.29 
t1- 41 7.89 0.76 6.42-9.39 138.9 5.8 1-.08 
12- 36 7.99 0.64 6.87-9.35 145.7 8.4 -—-.20 
13- 22 8.07 0.67 6.64—10.27 151.3 6.5 +33 
14- 18 8.52 0.75 6.92-9.75 154.9 4.0 4.07 
15- 17 8.05 0.72 6.89-8.85 157.2 6.1 +.08 
16- 18 8.43 0.55 7.85-9.36 156.8 7.3 +17 
17- 17 8.30 0.54 7.56-9.56 159.7 5.2 +44 
18-20 14 8.58 0.54 7.58-9.61 160.0 4.7 +25 
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were X-rayed in 1967; the skeletal maturation of the 
hand and wrist of these groups of children was 
reported by Marshall et al. (1970). An older group of 
children from a neighbouring secondary school and 
other subjects under 20 years living in the vicinity 
were X-rayed in 1970. These, together with those 
primary schoolchildren who were older than 12 
years were used as controls for a study of the skeletal 
age of Jamaican adolescents with sickle cell anaemia 
(Ashcroft et aL, 1972). Height was measured at the 
same time as the radiograph was taken, except for a 
few of the younger children for whom it was ob- 
tained by interpolation from growth charts. In all 
these children, X-rays of the left hand and wrist 
were taken, using non-screen film with the tube 
centred above the head of the third metacarpal at a 
distance of 76 cm. 


METHODS 

The technique used for measuring the MCI 
differed slightly from that of Parish (1966). His 
method of dividing the metacarpals axially into two 
equal halves by eye is open to considerable observer 
error. In the present study, the axial length of the 
second and third metacarpals was measured from 
the tip of the metacarpal head to the apex of the 
notch at the base. For the fourth and fifth meta- 
carpals, the length was taken as the longest distance 
from the tip of the head to the most proximal part of 
the base (Fig. 1) When compared to Parish's 
method, the lengths of the second and third meta- 
carpals measured by the present technique are 
slightly shorter, but those of the fourth and fifth 
may be slightly longer. The width of each metacar- 
pal was determined at the exact midpoint of its meas- 
ured length. Lengths were recorded to the nearest 
one millimetre, and widths to the nearest half milli- 
metre. 

The relative slenderness of each metacarpal is the 
ratio of the length to the width; the MCI is then 
calculated as the mean relative slenderness of the 
second to fifth metacarpals (Sinclair et al., 1960; 
Parish, 1960, 1966, 1967; Eldridge, 1964; Joseph 
and Meadow, 1969). 

RESULTS 

The mean MCI, standard deviation and range for 
each sex and hand of adults over 20 years is shown in 
‘Table I. For both sexes, the index for the left hand 
was higher than the right, a significant difference in 
males (1—4.39, p «0.001) but not in females (t= 
0.84, p 0.1). Indices for females were higher in 
both hands than for males, and both of these differ- 
ences are significant (left hands: t=3.08, p «0.01; 
right hands: £6.71, p « 0.001). 
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Mean and standard deviation (SD) curves of the metacarpal 
index in males. 
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Mean and standard deviation (SD) curves of the metacarpal 
index in females. 


The mean MCI, standard deviation and range, 
mean height, and correlation coefficient for MCI 
against height is shown in Tables II and III for 
children from ages two to 20 years. Only in one age 
group (14 year old males) was the MCI /height cor- 
relation significant at the 5% level; at all other ages 
there was no significant correlation, although the 
coefficient was positive at the majority of ages. 

Figures 2 and 3 show that the mean MCI rises 
from two years; the rise is at first relatively steep, 
but after about 13 years the MCI changes little. 
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Discussion 

The MCI is a useful clinical measurement for the 
diagnosis of Marfan’s syndrome and other causes of 
arachnodactyly. The indices of patients with these 
conditions have been shown to be higher than 
normal, although Parish (1967) noted that the 
slenderness of the fingers might be due to the shape 
of the phalanges more than that of the metacarpals. 
It must be remembered, however, that the diag- 
nosis of Marfan’s syndrome also depends on other 
signs, including the ratio of sitting to standing 
height, other skeletal disorders, ocular and cardio- 
vascular features. 

The results show that when using the MCI, 
allowance must be made for age, sex, ethnic origin, 
and whether the radiograph is of the left or right 
hand. 

Tables II and III and Figs. 2 and 3 show that the 
MCI of the left hand increases from about 6.0 to 8.0 
in males, and from about 6.4 to 8.4 in females, from 
the age of two years to adult life. One cause of this 
increase may be related to epiphyseal ossification; 
the metacarpal epiphysis of infants is not ossified, 
and the MCI can therefore be calculated from the 
metaphysis and diaphysis only. The MCI of subjects 
under two years (Joseph and Meadow, 1969) has 
been found to be considerably lower than that of 
Jamaican children aged two years whose MCI was 
only calculated if epiphyseal ossification had begun. 
With growth, the size of the ossified epiphysis 
approaches that of the adult metacarpal, so that the 
measured length increases more than the width. By 
about 13 years, the radiological width of the meta- 
carpo-phalangeal joint has decreased to adult pro- 
portions, and subsequently changes little (Greulich 
and Pyle, 1966). 

The absence of significant correlation between 
height and MCI within early age groups suggests 
that the MCI is not directly related to height, but 
rather to age, and probably to skeletal maturation. 
Eldridge (1964) also found that in tall subjects the 
MCI was not significantly greater than in those of 
average height. 

'The mean MCI of the left hand was 0.33 greater 
than that of the right hand in men (a signiflcant 
difference), and 0.08 in women (not significant). 
This agrees with the findings of Parish (1966). 
Radiographs of the children had been taken of the 
left hand only, and therefore standards are pre- 
sented based on the left hand. 

The mean MCI of Jamaican adults was higher 
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than those of British adults examined by Parish 
(1966), who found values in the left hand of 7.02 in 
men and 7.78 in women, and in the right hand of 
6.86 in men and 7.60 in women. These differences 
are probably due to the ethnic origins of the sub- 
jects, those in Jamaica being predominantly black, 
and those measured by Parish presumably pre- 
dominantly white. Further work is needed to in- 
vestigate the ethnic difference in the metacarpal 
index. 

Figures 2 and 3 show the smoothed curves of the 
mean and two and three standard deviations above 
the mean for the MCI of the left hand of Jamaicans 
from two years to adulthood. These curves can be 
used as standards for the normal Jamaican popula- 
tion. If a limit of three standard deviations is ac- 
cepted as being the upper limit of normal, then 
arachnodactyly in Jamaicans is suggested by values 
of the MCI of the left hand above 9.62 in males and 
10.09 in females. In order to simplify this arbitrary 
classification, values of above 9.6 in males and above 
10.1 in females could be taken as the upper limits of 
normal for all Jamaicans over the age of 13 years. 
These standards are likely to apply also to other 
black populations. 
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ABSTRACT 
Eight patients are described in whom transplant lym- 
phocoeles were drained. All had %*T'c™-DTPA dynamic 
renal scintigrams performed pre-operatively; five showed 
features of obstruction. Photon deficient areas on the 
scintigrams and bladder deformities were of particular value 
in detecting Iymphocoeles. 


Perirenal collections of lymph are a recognized, 
though not common, complication of renal trans- 
plantation (Inocencio et aL, 1969; Koehler and 
Kyaw, 1972; Madura et al, 1970). Braun et al. 
(1973) reported on 15 cases and reviewed the litera- 
ture. They postulated a number of potential causes 
of formation of lymphocoeles, including rejection, 
potent diuretics, steroid therapy and surgical div- 
ision of the lymphatics of the allograft. Diagnosis 
may be obvious clinically, with a palpable mass, 
swelling of the leg on the side of the transplant and 
obstruction of the ureter. The latter may be detected 
clinically or noted on routine investigation of trans- 
plant function. 





*Present address: Massachusetts General Hospital, Boston, 
Massachusetts 02114. 


In our department, sequential studies of renal 
transplant function are carried out using 99Tcm 
Diethylenetriaminepentaacetic Acid (D'TPA) for the 
early detection of rejection (Hilson et al., 1977). The 
first study is usually performed within 24 hours of 
transplantation and then at frequent intervals there- 
after. During the last three years, over 1600 studies 
with D'TPA have been carried out on 202 trans- 
planted patients. We describe the appearances of 
eight patients with post-operative lymphocoeles. 


MATERIALS AND METHODS 

Sequential imaging of patients following the bolus 
injection of 555 MBq (15 mCi) of D'TPA was 
carried out using either an Ohio Nuclear series 100 
or 110 gamma camera positioned anteriorly over the 
transplant. Serial images were recorded on Polaroid 
or 10 in. X 8 in. nuclear medicine film (Kodak) for 
the first 30 seconds following injection, then at 2, 5, 
15 and 30 minutes with a final bladder image. The 
two minute image comprised 300000 counts and the 
later images were acquired in the same time as that 


TABLE I 
SALIENT FEATURES OF TRANSPLANTED PATIENTS 











Time of Number ND -— not done Pre- 
Donor diagnosis of major operative | Approx. 
C= Cadaver | after transplan- | rejection | Clinically evidence of | volume 
Patient | Sex | Age | R=Related | tation (weeks) | episodes silent obstruction 
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Fic. 1. (N.B.) 
(a) Fifteen-minute image showing the photon deficient 
lymphocoele at the lower end of the ureter. 
(8) IVU showing ureteric narrowing due to the lympho- 
coele. 





Fic. 1. (N.B.) 


(c) Post-operative 15-minute image showing no hold up of 
tracer and resolution of the photon deficient lymphocoele 
seen in Fig. 14A. 


for the two minute image. Data were simultaneously 
recorded in a PDP 11 dedicated minicomputer 
(DEC Gamma 11) for the later analysis. In some 
patients, images at two hours or later after injection 
were recorded, with lateral views for further defi- 
nition of the bladder and the lymphocoele. 


CASE REPORTS 

The salient features of the eight patients are shown in 
Table I. The diagnosis of a lymphocoele was made, on 
average, 18 weeks after transplantation, though this varied 
from three to 40 weeks. All the patients were treated with 
prednisolone and azathioprine, initially at high doses which 
were then gradually reduced. During acute rejection phases, 
1 g of methyl-prednisolone daily was given for three days 
with, in some patients, actinomycin D and radiotherapy. All 
also received therapy with frusemide at some time in their 
post-operative course. All but one (M.B.) had at least one 
episode of rejection prior to the diagnosis of lymphocoele. 

In two patients (J.G. and L.R.) there was considerable 
limb swelling, so severe in one that he was treated with 
anticoagulants for a presumed iliac vein thrombosis before 
the diagnosis of a lymphocoele was made. Of the remainder, 
four had symptoms of lower abdominal discomfort. In five 
there was considerable hold-up of excretion of tracer from a 
dilated collecting system and pelvis. This is illustrated in 
Fig. 14 (N.B.) where the lymphocoele is seen as a relatively 
photon-deficient area lying at the lower end of the ureter. 
His IVU is shown in Fig. 18. Post-operatively there was 
marked reduction in pelvic size with return to normal 
drainage, though the ureter remained slightly dilated (Fig. 
Ic). 

One patient (J.G.), who was hypertensive, was found to 
have arterial stenosis by renal arteriography and at operation 
the renal vessels were found to be stretched tightly over the 
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à 
Fic. 2. (J. W.) 


(c) Ultrasonography: Longitudinal sweep, 2 cm to the left of 

the midline. (L.=lymphocoele. B —bladder. Head towards 

left.) This shows the transonic lymphocoele lying anterior to 
the bladder. 





Fic. 3. (L.R.) 


Thirty-minute image showing the photon deficient lym- 
phocoele surrounding the renal image 


lymphocoele, but there was no ureteric obstruction. Fol- 
lowing drainage of his lymphocoele, control of his hyper- 
tension became easier. 
Three patients had their Iymphocoeles confirmed by 
B ultrasonography pre-operatively. The scintigram of one 
Fic. 2. (J. W.) (J.W.) is shown in Fig. 24. The lymphocoele is seen lying 
between the bladder and the kidney, with displacement of 
the bladder to the right. Her IVU is shown in Fig. 2B and 
the ultrasound examination in Fig. 2c, where the lym- 
phocoele is seen as a transsonic area lying anterior to the 
(B) IVU (the paper clips were for marking the kidney prior bladder. 
to radiotherapy) s'^owing partial hold up of contrast ex- All the lymphocoeles were confirmed at operation. The 
cretion. volumes are only approximate as the sac of the lymphocoele 
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(A) Thirty-minute image showing the photon deficient 
lymphocoele lying between the kidney and bladder causing 
distortion of the bladder. 
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(I 


R.W.) 


(4) Thirty-minute image showing the lymphocoele with the appearance of a normal full bladder 


(B) Post-micturition, showing tracer in the true bladder separate from the lymphocoele 


(c) Six-and-a-half-hour image 


(n) Ultrasonography: Mid-line, longitudinal sweep. (L 


ing the lymphocoek 


was almost invariably punctured inadvertently. All 
marsupialized and drained into the peritoneum and there 
has been no recurrence. The eighth patient (L.R.) who has 
since died, developed a second lymphocoele at a different 


site, one month after operation to drain the first, This was 


were 


also drained subsequently 


DISCUSSION 
There were three features we found to be of value 
in detecting lymphocoeles. Firstly, the presence of a 
spherical photon deficient area between the kidney 
and the bladder, with or without dilation of the 
ureter above. Secondly, a photon-deficient area 


1 
3 


lymphocoele, K 
as a transonic structure separate from the bladder 
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, pre-micturition, showing greater distortion of the bladder by the lymphocoe 


kidney, B= bladder. Head towards left) Show 


completely surrounding the kidnev as illustrated ir 


Fig 


5 


tior 


3 (L.R.). Thirdly, displacement and distor 
of the bladder by the extrinsic pressure of the 
lymphocoele. This is shown in Fig. 4 where the pre 
micturition image (Fig. 44) shows a large photor 
deficient area which looks like bladder, but afte: 
micturition (Fig. 48) the bladder is seen as a 
mushroom-shaped area above it. Six hours later, the 
bladder has filled more completely and the dis 
tortion is more apparent (Fig. 4c). 'The ultrasono- 
graphic appearances are shown in Fig. 4p. 
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Lymphocoeles are visible on scintiscans because 
of the comparatively slow exchange of fluid between 
the extracellular space and the contents of the 
Iymphocoele, allowing the latter to become relatively 
photon deficient when compared to the background. 
The differential diagnosis on scintigram of a photon- 
deficient area includes urinoma, haematoma, full 
urinary bladder before the entry of tracer and a non- 
perfused kidney (Corcoran et al., 1976). 

Ultrasonography is probably the best investigation 
for confirmation of a lymphocoele (Nesbit et al., 
1976) because of the better intrinsic resolution of 
ultrasound, but it is very important to be aware of 
the appearances of lymphocoeles on scintiscanning 
so that they are recognized early when patients are 
being studied sequentially. It is worthy of note that 
in three cases the lymphocoele was not demonstrated 
in the pre-operative IVU, though in one of those it 
was clearly visible in a micturating cystogram. 
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Book review 


Quality Control in Nuclear Medicine. Ed. Buck A. Rhodes, 
pp. xvii 4- 508, illus., 1977 (C. V. Mosby Co., USA; distrib- 
uted in ULK. by Henry Kimpton, London.) £31-60. 

No service is reliable unless its quality is consistent. 
Nowhere is this more important than in medicine where 
clinical decisions may be influenced by, or even depend 
upon, the results of scientific investigations. The recipient of 
such data must be aware that scientific measurements are 
not absolute and are valid only within certain limitations. 
"These limitations must be clearly stated and maintained and 
the process of ensuring such consistency is known as 
“quality control". 

Few branches of the scientific service which aids medical 
diagnosis and the clinical management of patients have been 
"nore misunderstood, misinterpreted, and subjected to hasty 
policy decisions than has nuclear medicine. By its nature 
precise quality control was almost impossible in the early 
stages of its development but the situation has now greatly 
improved and continues to do so. 

‘This book surveys the whole field of nuclear medicine 
from the point of view of quality control. Its editor has put a 
very wide definition upon this term so that the book is much 


Ogg and Dr. D. G. Williams to report on their patients and 
thank Dr. B. C. King for the ultrasound studies. 
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more valuable and of wider scope than might be inferred 
from its title. The medical man or scientist responsible for 
other diagnostic services, radiological or laboratory, would 
glean sound wisdom from the less specialized parts of the 
book such as sections one (The Nuclear Diagnostic System) 
and two (Human Factors). These deal with matters applic- 
able far outside the limits of nuclear medicine. 

The sections on radiopharmaceuticals, nuclear instru- 
mentation, and im vitro assays are, of necessity, of more 
appeal to specialists in these areas. Even where the matters 
under consideration are highly specialized, the clear and 
concise style which characterizes the book is retained. 

A reader who has paid the high price for the book from 
his personal resources may well feel that the essentials 
could have been conveyed much more briefly and on less 
expensive paper in a less expensive binding, but if, like this 
reviewer, he can enjoy and profit from the book without pay- 
ing for the privilege, the cartoons and diagrams, the cle ar and 
easy style, and the appendices, are all pleasurable. The 
practical value of the book is enhanced by the numerous 
references and adequate index. 

E. S. WILLIAMS. 
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ABSTRACT 

Sphenoidal erosions due to tuberculosis are reported in 
four young coloured children. The lytic destruction is 
emphasized for reference texts indicate that tuberculosis 
produces a sclerotic reaction when extending to the skull 
base. 

Tuberculous osteitis of the skull occurs particularly in 
coloured children and adolescents. It should be considered 
when destructive skull lesions are seen in these patients. 


Tuberculous osteitis of the skull base is rare. Most 
standard radiological text-books do not mention the 
diagnosis, and reference works on skull radiology 
note only that tuberculosis may produce bony 
sclerosis when extending to the base (Du Boulay, 
1965; Newton and Potts, 1971; Pendergrass et al., 
1956). This report concerns four children with 
tuberculous erosion of the sphenoid bone. Lytic 
destruction was the striking feature and sclerosis was 
totally absent in two of the cases. Two of the cases 
(cases 3 and 4) have previously been described in this 
Journal as examples of “multiple bone tuberculosis 
in the young" (Cremin et al., 1970). This report 
therefore includes only details relevant to their skull 
radiology. 





*Present address: Department of Radiology, The Radcliffe 


Infirmary, Oxford, England 


Case Reports 


Case 1 
A two-year-old coloured girl who weighed 10 kg, pre- 
sented with anorexia, drowsiness and bilateral proptosis. 
Her optic discs were blurred and the Mantoux test was 
positive. The cerebrospinal fluid contained 240 mg 
protein, 97 mg ° 


chloride, 2.5 mg °% glucose and each cubic 





Fic. 24. Case 1. 
Air-encephalogram showing dilated ventricles and the ab- 
sence of air over the cortex. 





Fic. 1. Case 1. 


Lateral view of skull. The planum sphenoidal and posterior 
part of the cribriform plate are destroyed. 
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Fic. 2n. Case 1. 


Mid-line lateral tomogram at air encephalography. The 
sphenoidal destruction and dilated ventricles are shown 
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Case 2. 


Fic. 3. 


Lateral skull view. A small lytic temporal lesion is arrowed. 
Porotic dorsum sellae 


millimetre contained 124 polymorphs and 272 lymphocytes. 
No organisms were seen, but the bromide partition test ratio 
Was 1 45. 

Che chest radiograph was normal, but destruction of the 
planum sphenoidale was seen on the skull radiograph 
Fig. 1). An isotope scan and a carotid angiogram were 
indertaken, but were not contributory. Air encephalography 
showed moderately dilated lateral ventricles (Fig. 24 and 
28). No extension of the mass into the cranial cavity was seen 
ind air did not pass over the cortex. ‘Tuberculous meningitis 
with communicating hydrocephalus was diagnosed. A trans- 
ethmoidal sphenoidectomy showed granulation tissue over 
the cribriform area of the ethmoidal cells. The sphenoid 
was eroded and caseous material was found in the 
sinus. Histology of this showed tuberculous 
granulomata with large giant cells 


body 


sphenoid 


\ two-year-old coloured girl who weighed 9 kg, presented 
with a three-week history of strabismus and of a swelling 
posterior to the left lateral orbital margin. A left lateral 
rectus palsy was found, but no papilloedema or other 
positive findings were noted. The Mantoux test was positive, 
but urinary V.M.A. estimations were normal. A chest radio- 
graph, hilar tomography and I.V.P. were also negative. A 
radiological skeletal survey showed a small lytic area adjacent 
to the scalp swelling in the left anterior temporal region and 
some osteoporosis of the dorsum sellae (Fig. 3). The swelling 
was explored surgically and the involved bone was removed 
without opening the dura. Histology of the removed material 
showed caseating tuberculosis and tubercle bacilli were 
identified on microscopy and culture. Medical treatment was 
started two weeks after presentation with Streptomycin 
500 mg daily, P.A.S. 500 mg three times a day, and Isoniazid 
40 mg three times a day. Repeat radiographs taken three 
weeks after the initial skull radiograph showed that gross 
destruction of the pituitary fossa was now present with a 
large lytic lesion in the high frontal region (Fig. 44 and 4n). 


Case 3 
A two-year-old African boy who weighed 11 kg presented 
with a two month history of painless swelling of the right 





> 


Fic. 4a. Case 2. 


Lateral skull view taken post-operatively three weeks after 
Fig. 3. Marked destruction of the dorsum sellae and floor 
of the pituitary fossa. 





Fic. 4B. Case 2 


P.A. view. The operative defect adjacent to the zygomatic 
^ ii 
process of the frontal bone (curved arrow) and the large lytic 
defect high in the frontal region (straight arrow) are seen. 


ring finger and an ulcer over the dorsum of the foot. Examin- 
ation showed generalized lymphadenopathy with hepato- 
splenomegaly, and symptomless proptosis of the left orbit. 
The Heaf test was positive and a gland biopsy showed 
caseating tuberculous lymphadenopathy. A chest radiograph 
was negative, but a skull radiograph showed erosion of the 
sphenoidal wings on the left side, with destruction of the 
posterior wall of the left orbit (Fig. 5). The radiographs of 
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Fic. 5. Case 3. 


Oblique view. Destruction of the posterior wall of the left orbit is seen with lytic defects in the sphenoidal wings above and 
lateral to the irregular optic canal and superior orbital fissure (arrowed). 





Fic. 6. Case 4. 


Mediastinal lymphadenopathy with middle and right lower 
lobe consolidation. 


the limbs showed cystic multilocular lesions in two phal- 
anges, a metatarsal and the left ulna. 


Case 4 

A six-year-old African boy who weighed 15 kg presented 
with a six-month history of swelling of the right orbit. An 
abscess was present over the sternum and the Heaf test was 
positive. The chest radiograph showed right middle and 
lower lobe consolidation with enlarged mediastinal glands 
(Fig. 6). The skull radiograph showed marked sclerosis of 
the bony margins of the right orbit, but extensive lytic 
destruction of the posterior wall of the right orbit and 
greater wing of the sphenoid (Fig. 7) 


Case 4. 


Extensive sclerotic lesion of the right orbit and zvgoma with 
lytic destruction of the right sphenoidal wings 


Fic. 7. 


DISCUSSION 

Skull involvement has been reported in 0.1 to 
3.7% of cases of tuberculous osteitis (Ganguli, 1963; 
Strauss, 1933). Skull disease is more common in 
pigmented races (Jacobs, 1964) and more prevelent 
in childhood, half the cases presenting before the 
tenth year (Strauss, 1933). The typical lesion is an 
irregular, lytic erosion of the calvarium. 

Basal involvement is rare and we have only been 
able to trace descriptions or illustrations of four 
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other cases in the literature (Pendergrass et al., 1956; 
Miles and Hughes, 1970). Pendergrass stated that 
tuberculosis seems to produce a different type of 
bony change when extending to the skull base, 
usually a much increased density of the bone. He 
illustrated this statement with two cases showing 
marked sclerosis around the pituitary fossa, but did 
not give full clinical deteils of the patients. Other 
neuro-radiological text-books either quote these 
cases (Newton and Potts, 1971) or say that tubercu- 
losis may produce a sclerotic reaction when extend- 
ing to the base (Du Boulay, 1965) However, 
sclerosis should not be regarded as the hallmark of 
basal tuberculosis, for two cases presenting in the 
English midlands to Miles and Hughes (1970) and 
two of our cases showed entirely lytic destruction. 
Our other two cases showed no more than minimal 
sclerosis in the sphenoid bone. 

Cranial tuberculosis is usually associated with 
tuberculosis elsewhere in the body (Strauss, 1933). 
In our first two cases cranial disease was the only 
manifestation, and our first three cases had normal 
chest radiographs. It is clear that tuberculous 
osteitis must not be excluded on the basis of a 
normal chest radiograph. The association of sphen- 
oidal destruction with tuberculous meningitis in our 
first case is also of interest, for tuberculous menin- 
gitis was seen in only ten of 223 cases of skull 
tuberculosis reported by Strauss (1933). 

Our four patients were all underweight coloured 
children. Jacobs (1964) reported 30 cases of tuber- 


culous osteitis from Birmingham emphasizing the 
differences of bony tuberculosis in coloured races, 
while Walker (1968) reported 18 new cases of 
tuberculous osteitis from Stanmore, noting that half 
of these had been mis-diagnosed initially. It is clear 
that tuberculous osteitis is still a problem in British 
hospitals. The unusual forms of the disease which 
are particularly seen in non-white races may often be 
overlooked. Tuberculosis should be considered 
when irregular lytic destruction of the sphenoid bone 
is seen in young, coloured patients. 
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Book review 


Manuel de techniques radiographiques du crane. By G. Korach 
and J. Vignaud, pp. 144, illus., 1977 (Editor Masson, Paris, 
New York, Barcelona, Milan), 120F. 

"This book written for radiographers is a model of what a 
monograph should be. It is short yet comprehensive. The 
brief text written in simple French is subdivided by multiple 
headings and is supplemented by excellent photographs, 
radiographs and line drawings which are virtually self- 
explanatory, The dead wood has been cut away. Projections 
vatuable in their time but now replaced and non-essential 
variants of projections are dismissed. Stress is laid on defini- 
tion of projection by the axis of the central ray and the 
anatomical structure being radiographed. 

The book is divided into three parts. The first deals with 
general principles including image quality, tomography, 


magnification and definition of projections. The second 
describes and illustrates the projections and the resulting 
radiographs. 'The third consists of pertinent tables which are 
useful for reference to the projections appropriate, for ex- 
ample, to the various foramina and includes notes on the 
symptoms produced by lesions of the structures related to 
them. There is a selected bibliography and an adequate 
index. 

A really refreshing and important aspect of this book is the 
stress placed on the radiographer understanding the reason 
for the examination, the anatomical structures involved in 
producing the symptoms and the radiographic principles of 
demonstrating the relevant region to the best advantage. It 
cannot be too highly recommended. 

B. KENDALL. 
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ABSTRACT 


A review of 2500 routine post-mortem radiographic 
examinations of perinates is presented. It is concluded that 
the procedure is of value in the detection of abnormalities 
which may have contributed to the death of the perinate and 
which may have escaped detection at autopsy. The use of 
contrast agents may assist in the evaluation of congenital 
abnormalities, especially of the cardiovascular system. Post- 
mortem radiographic examination may be especially helpful 
in the evaluation of perinates for whom permission for 
autopsy is denied. Post-mortem radiography may assist in 
the gathering of statistical data and may provide useful 
material for teaching and research. 


Routine post-mortem radiography of stillborn babies 
and neonates was introduced into the National 
Women's Hospital in 1964, as an aid to the evalua- 
tion of the cause of death. Since that time, over 2500 
examinations have been performed. Additional in- 
formation was obtained in some cases by post- 
mortem contrast examination and in other cases by 
radiography of specimens excised at autopsy. A 
review of these cases forms the basis of this com- 
munication. 


I. Routine Post-MORTEM RADIOGRAPHY 


Technique 

Whole body A.P. and lateral radiographs are 
obtained on all stillbirths and neonates dying in the 
National Women's Hospital. Additional views of 
areas of interest may be obtained. 

Kodak RPR film with fine grain screens is used 
with a Potter-Bucky diaphragm. Occasionally 
mammography film is used, when additional detail is 
required; for example, for fine bone detail or when 
pathological calcification is suspected on the 
standard films. In our opinion the detail provided on 
standard film is adequate in most cases. 

The dead infants are brought from the mortuary 
to the radiology department in the morning before 
the autopsy session. The films and the radiologist’s 
report are delivered to the pathologist before the 
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autopsy, so that the examination can be planned 
accordingly. 


Results and discussion 

Significant findings on routine post-mortem radio- 
graphs included abnormal collections of intra- 
thoracic and intra-abdominal air, cranio-spinal , 
abnormalities, skeletal abnormalities including bone 
dysplasias, and pathological calcification. Of the 
2500 examinations reviewed, 454 (18.2%) showed at 
least one such abnormality. 

Evidence of abnormal collections of intrathoracic 
air was found in 87 cases. There were 26 cases of 
pneumoperitoneum. As detection of such air collec- 
tions at autopsy is unreliable, radiography provides 
the only accurate means of doing this. Pneumo- 
thorax or pneumopericardium may be a major 
contributing factor in the death of an infant receiving 
positive pressure ventilation. Such a case is demon- 
strated in Fig. 1; a large pneumopericardium was an 
unsuspected finding on post-mortem radiographs of 
an infant who suffered from the idiopathic respira- 
tory distress syndrome and was being managed with 
assisted ventilation. 

Air embolism may be a cause of sudden death, 
especially in babies with the idiopathic respiratory 
distress syndrome (Gregory and Tooley, 1970; 
Vinstein et al, 1972; Shook et al, 1975). This 
diagnosis may be suggested by the identification of 
air within the heart or systemic circulation. Quisling 
et al., (1974) have demonstrated that intravascular 
gas may accumulate rapidly as a post-mortem 
phenomenon, implying that unless radiographs are 
obtained immediately after death, the diagnosis of 
air embolism cannot be made with confidence. Our 
experience suggests, however, that this is an unusual 
occurrence as intravascular gas was visualized in 
only a few radiographs of neonates obtained several 
hours after death. Indeed, we have observed in- 
stances where there has been a reduction in the 
amount of gas after death and this is supported by 
other authors (Van Allen et al., 1929; Shook ef al., 
1975). In either event, however, the necessity is 
established for obtaining radiographs as soon as 
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Pneumopericardium and pneumomediastinum 
nd lateral views of the chest, cropped from whole body 
radiographs. This baby died at 32 hours, after 
nagement with positive pressure ventilation for idiopathic 
distress syndrome. Chest radiographs eight 
before death had shown bilateral pneumothoraces, 
eated with intercostal drainage Post-mortem films 
ealed a massive pneur operi ardium with compression ot 
heart (h). The pericardium is outlined by air in the peri- 
cardial sa mediastinum (arrows) 


ind B) 
A.P 


^ost-morten 
espiratory 


tubes 


ind the 


ssible after death, especially following the sudden 
leterioration and death of an infant receiving posi- 
ve pressure ventilation. Poznanski (1976) recom- 
nends that the examination should preferably be 
verformed while the dead infant is still in the nursery 
any umbilical arterial or venous catheters 


the 


ind before 


save been disconnected, since air could enter 


vascular tree in this manner. 





> 
3 


Fic. 2. 


radi- 
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Minor skeletal anomalies disclosed by post-mortem 
ography. Anomalous ossification of the sternum 
arrow) and coronal cleft vertebrae (small arrows) in 
nate who died of congenital heart disease 





Abnormalities of the skeleton may escape detection 
without post-mortem radiography, especially if they 
are localized and relatively minor (Fig. 2). Post- 
mortem radiography may assist in the evaluation of 
com- 


this 


severe cranial and skeletal deformities. The 


monest abnormal condition demonstrated in 
series was anencephaly, 122 cases being documented. 
This represents an approximate incidence of one 
anencephalic in 1190 births. Previous estimates of 
the incidence of anencephaly range from one in 8300 
births Lyons, to one in 150 births in Belfast 
(Penrose, 1957). 

Ryan and Kozlowski (1971) pointed out that with- 
out post-mortem radiography the diagnosis of lethal 


As a 


frequency of the dysplasias cannot be known and the 


in 


bone dysplasias is not possible result, the 


genetic implications of an abnormal baby cannot be 
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TaBe I 


ANALYSIS OF 25 CASES OF BONE DYSPLASIA 





Osteogenesis imperfecta, Recessive 

Osteogenesis imperfecta, Dominant 
Chondrodysplasia punctata, Recessive 
Chondrodysplasia punctata, Dominant 
Thanatophoric dwarfism 

Short rib—Polydactyly syndrome (Majewski type) 
Achondroplasia 

Achondrogenesis, Type II 

Spondyloepiphyseal dysplasia congenita 


— — — b) ds A UT KD OD 





accurately considered. In our series there were 25 
babies shown to have bone dysplasias (Table I). It is 
possible, from these figures, to calculate the inci- 
dence of those dysplasias which are incompatible 
with life and would therefore have all been included 
in this study. In those dysplasias where survival is 
possible, the figures obtained from this survey can be 
added to those obtained from other sources and the 
approximate incidence calculated. The incidence of 
bone dysplasias in our population is being evaluated 
in this way and will be presented in a future com- 
munication. 

Demonstration of centres of ossification on post- 
mortem radiographs may assist in the assessment of 
maturation of the stillbirth or dead neonate, which 
is important for statistical purposes and may assist in 
the evaluation of the factors leading to the death of 
an individual case. It has been established, however, 
that ossification is quite variable and provides only 
a rough estimate of the gestational age (Farr, 1968; 
Kuhns and Finnstróm, 1976). Assessment of osseous 
maturation may be of value, however, in detecting 
disease states or syndromes in which ossification is 
retarded, advanced or altered in sequence. The 
criteria for this assessment and tabulation of the 
associated conditions have recently been presented 
by Kuhns and Finnstróm (1976). 


II. POST-MORTEM CONTRAST RADIOGRAPHY 

Technique 

'The cardiovascular system may be examined in 
the dead infant by the introduction of radio-opaque 
contrast agents through in-dwelling umbilical 
vascular catheters, or through catheters introduced 
into the umbilical vessels or other major arterial or 
venous trunks after death. Contrast medium can also 
be utilized to display other organ systems—for 
example, bronchography is easily performed by 
introducing contrast media through an endotracheal 
tube. Vascular catheters can be manipulated under 


fluoroscopic control into the optimum position for 
injection in each case. The injection is made by hand 
and the appropriate spot films obtained. It is some- 
times necessary to turn the infant and utilize the 
effect of gravity to obtain maximum vascular filling. 

Any water-soluble contrast agent or thin barium 
suspension is suitable for this examination. The 
contrast medium usually mixes evenly with the 
blood and post-mortem clot formation does not 
present a problem. Exquisite detail of fine vessels 
may be obtained (Fig. 3). 

Overlapping of opacified structures is a problem 
that may be encountered. Attempts to aspirate 
contrast medium after injection are generally un- 
successful. It is therefore necessary to plan the 
sequence of contrast medium injections to obtain 
maximum information. For example, in a neonate 
suspected on radiographs during life to have bi- 
lateral aplasia of the upper lobes, (Fig. 4), the first 
injection made was into the bronchial tree. The in- 
jection was stopped once the characteristic blind- 
ended bronchi of lobar aplasia had been identified 
and the bronchial tree to the lower lobes was shown 
to be grossly normal. As a result, the subsequent 
demonstration of an anomalous arterial supply to the 
right lower lobe from the abdominal aorta was not 
obscured. 


Discussion 

Post-mortem angiocardiography has been recom- 
mended as a useful diagnostic method in congenital 
heart disease (Richter, 1976). Topographical rela- 
tionships, especially of the cardiac chambers and 
great vessels, will be disturbed at autopsy and often 
difficult to evaluate. Post-mortem  angiocardio- 
graphy, on the other hand, will generally demon- 
strate the topography very clearly. Different heart 
chambers and vessels can be simultaneously filled 
with contrast medium and radiographs obtained in 
various projections. Similarly, pathological details 
may be demonstrated which were obscure on 
angiocardiograms performed during life. 

The limitations of post-mortem angiocardio- 
graphy have been pointed out by Richter (1976). In 
particular, functional problems cannot be evaluated, 
such as the direction of blood flow. Chamber size 
and vessel diameter may vary with the extent of 
contraction of the muscle, with the pressure used for 
injection and with the amount and type of contrast 
medium. In spite of these limitations he concludes 
that post-mortem angiocardiography may be a help 
in diagnosing complicated congenital malformations 
of the cardiovascular system. Our experience 
supports this conclusion. 
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Fic 3 
Post-mortem arteriography in a microcephalic. Water-soluble contrast medium 
was introduced through umbilical artery catheters. Opacification of virtually the 
entire systemic and pulmonary arterial circulation has been obtained 





Fic. 4 
Congenital venolobar syndrome 
4) A.P. chest film at 4 hours of age. The heart outline is obscured by a bilateral veiling density. (B) Post-mortem bronchogra- 
phy reveals the characteristic blind-ended bronchi of aplasia of the upper lobes (arrows). The esophagus also contains con- 
trast medium. (c) Contrast medium introduced through an umbilical artery catheter in the aorta (arrow) opacifies the arterial 
supply to the right lower lobe, arising from the coeliac axis artery (open arrow) 
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Post-mortem radiography is of special value in 
those cases in which permission to perform an 
autopsy is not obtained. In many instances it is 
possible to supplement the routine radiographs with 
contrast studies. In the case illustrated in Fig. 4 we 
wished to confirm our ante-mortem diagnosis of 
bilateral aplasia of the upper lobes, especially as we 
were unable to find any previously reported cases of 
bilateral aplasia in the literature. As permission for 
autopsy was not granted, we introduced contrast 
medium through the endotracheal tube and through 
an umbilical artery catheter before these were re- 
moved after death. This confirmed the diagnosis of 
bilateral aplasia of the upper lobes and displayed an 
anomalous arterial supply to the right lower lobe. 
Because of ethical considerations we do not perform 
cutdown operations on vessels in those babies for 
whom permission for autopsy is refused. If in- 
dwelling catheters are not present in these cases it is 
sometimes possible to catheterize the umbilical 
vessels directly. 


III. POST-MORTEM SPECIMEN RADIOGRAPHY 

Radiography of tissues that have been excised at 
autopsy may assist in the evaluation of abnormalities 
disclosed either during the course of the post- 
mortem examination or on the pre-autopsy radio- 
graphs. Such radiographs are often of special value 
as teaching material. For example, fine bone detail 
can be obtained on mammography or industrial film. 
The distribution of intracerebral in 
congenital toxoplasmosis can be clearly demonstrated 
by obtaining radiographs of the excised brain. 
Contrast agents may be utilized in the demonstration 
and evaluation of abnormalities by 
autopsy. For example, a section of bowel may be 
radiographed to demonstrate a stricture or other 
abnormality found at autopsy. This is done by clos- 
ing the bowel lumen at each end with clamps and 
water-soluble 


calcification 


discovered 


injecting air or contrast medium. 
Figure 5 
contrast medium into the thoracic duct at autopsy 
showed it to be dilated and tortuous and apparently 
obstructed at its opening into the venous system. 
This stillborn infant was markedly 
with a massive right pleural effusion and marked 
hypoplasia of the right lung. 

Techniques for inflating and radiographing 
excised neonatal lungs have been described 
(Robertson and Sóderlund, 1972; Lallemand and 
Van Duc, 1973). Information gained in this way has 
led to a better understanding of pulmonary anatomy 
and pathology in neonates, and may provide useful 
material for teaching and research. 


illustrates a case in which injection of 


oedematous 


CONCLUSIONS 

A review of 2500 post-mortem radiographic 
examinations suggests that: 
(1) Post-mortem radiography is of value in the 
detection of conditions which may have contributed 
to the death of the infant, especially pneumothorax, 
pneumopericardium and pneumoperitoneum. Air 
embolism may be diagnosed providing that the 
radiographs are obtained soon after death. 
(2) The pathologist’s attention may be directed to 
abnormalities such as pathological calcification and 
localized bone lesions, which might otherwise have 
been undetected at autopsy. 
(3) Assessment of osseous maturation may be of 
value in the detection of disease states or syndromes 
in which ossification is retarded, advanced or dys- 
harmonious. 
(4) The procedure may assist in the gathering of 
statistical data. The frequency of lethal bone 
dysplasias can only be determined in this way. 
(5) The use of contrast agents can assist in the 
delineation of pathological states, especially in the 





Fic. 5. 


Dilated, tortuous and obstructed thoracic duct demonstrated 
by the injection of contrast medium at autopsy. 
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evaluation of complicated congenital cardiovascular 
anomalies. 

(6) Radiography of organs or tissues that have been 
excised at autopsy may provide additional informa- 
tion to that obtained from pre-autopsy radiographs. 
(7) Post-mortem radiography is of special value if 
permission to perform an autopsy is not granted. In 
such cases it may be possible to gain additional 
information by injection of contrast medium into 
indwelling catheters and tubes. 

(8) Post-mortem radiographs are useful for teaching 
purposes and are a very useful adjunct to clinico- 
pathological discussions. 
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Book review 


Pediatric radiology. Case studies. By Howard A. Wexler and 
Catherine À. Poole, pp. 377 illus., 1977 (Henry Kimpton 
Publishers, 7 Leighton Place, Leighton Road, London), 
£1125. 

This book consists of 81 case presentations illustrative of a 
wide variety of the problems which may present in the course 
of paediatric radiological practice. Such a method of presen- 
tation has many advantages, not the least of which is that the 
problems discussed and the solutions offered are related to 
the practical situations in which they occur in the course of 
daily work. 

‘The approach is dogmatic, but there is a good discussion 
of the evidence upon which the conclusions are based with a 
comprehensive and up-to-date series of references to the 
relevant literature. The aim of the authors has been to pass 
on the fruits of their experience derived from their work in 
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the Section of Pediatric Radiology in the University of 
Miami and in this they have been successful. There will be 
very few even of the “experts” in the field who will not learn 
something from reading this book and the multiple choice 
question type of format, while it may irritate some readers, 
will be of advantage to trainees preparing for examinations. 
It is unfortunate, therefore, that the quality of the illus- 
trations does not in general match up to that of the written 
part of the book and it is too frequently the case that the 
reader is unable to discover from the radiograph provided, 
the evidence that will enable him to reach the conclusions 
which it is designed that he should. At £/11:25 this book is 
not particularly cheap and while it is obviously desirable in a 
book such as this to keep the cost as low as possible, this 
object should not be attained at the expense of adequate 
photographic reproduction. I. R. 5. GORDON. 
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ABSTRACT 

As an alternative to five daily fractions per week, one large 
fraction per week has been used to treat patients with stage 
TH carcinoma of the cervix. This regime was greatly appre- 
ciated by our village women who could attend for weekly 
treatment from their homes. The weekly dose was matched 
with our previously acceptable daily fractionation using 
NSD, 'TDF and CRE values. In 24 patients the early reac- 
tions and tumour response were acceptable. Late rectal 
complications commencing seven months after treatment 
have, however, developed in all surviving patients with the 
new regime, The complications have been far more severe 
than those of a matched group of 24 patients treated with 
daily fractions and the schedule using one fraction per week 
has been abandoned. ''Iso-effective" doses for the two 
techniques were selected from the NSD, TDF and CRE 
tables. This study clearly indicates that for one fraction per 
week the doses predicted are not ‘‘iso-effective” as far as the 
normal tissues of the pelvis are concerned. 


The tolerance of the normal tissues in and around a 
tumour is the restraining factor which limits the dose 
of radiation which can be delivered. An additional 
important cause of failure in radiotherapy is the sig- 
nificant number of hypoxic and viable tumour cells 
in most macroscopic tumours. The dose of X or y 
rays required to sterilize these hypoxic cells is well 
above the normal tissue tolerance. Use of high LET 
radiation such as fast neutrons with a low oxygen 
enhancement ratio is one possible solution. On the 
basis of experimental studies several workers are of 
the opinion that X rays can be made as effective as 
fast neutrons by an otimum fractionated dose and 
interval between fractions (Fowler et a/., 1972). On 
the basis of experimental studies with C3H mouse 
mammary carcinoma, Howes (1969) concluded that 
several large doses of X rays given at 48 hour inter- 
vals would almost eliminate the problem of hypoxic 
cells in the tumour and would therefore be as 
effective as treatment with neutrons. Since this 
different fractionation strategy utilizes physiological 
changes in the tumour to produce sensitization of 
target tissue, Elkind (1970, 1973) described it as 
physiological sensitization. 

Intestinal mucosa has a very rapid cell turnover 
and Wiernik and Plant (1970) noted histological 
changes due to radiation damage after 24 hours. 
Newton (1964) and Edwards (1965) found gut to be 
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also the most radiosentitive tissue for late radiation 
damage. In the radiotherapy of cervical carcinoma, 
bowel mucosa is the most radiosensitive tissue in the 
field of treatment. With megavoltage teletherapy and 
intracavitary radiation, the acceptability of a regime 
is determined by the acute as well as late radiation 
reactions developing in the bowel. The acute reac- 
tions are probably determined by the repopulation 
kinetics of the mucosal epithelium. The late reac- e 
tions are, however, dependent upon damage to the 
vascular and connective tissue of the bowel wall 
(Rubin and Casarett, 1968). Epithelial repopulation 
following irradiation is related to the time-dose 
effect of radiotherapy and so the acute reactions can 
easily be kept within acceptable limits. It is on 
account of this that very high doses can be given by 
prolonging the duration of radiotherapy. This be- 
came popular a few decades ago but was soon 
abandoned on account of late radiation. damage 
(Wiernik, 1973). The various iso-effect doses deter- 
mined on the basis of the NSD formula (Ellis, 1967, 
1969), TDF tables (Orton and Ellis, 1973) and CRE 
formula (Kirk et al., 1971) are expected to produce a 
similar epithelial response. There is, however, little 
experimental or clinical information to prove or 
disprove that the iso-effect doses based on the above 
also hold true for the late reactions. 

Wiernik (1973) quotes Freund (1927) that daily 
fractions had become the accepted standard from 
1897 onwards and the latter was the first to report 
using gaps of 48 and 72 hours between fractions. A 
number of workers (Sambrook et al., 1950; Sikov et 
al., 1963; Atkins, 1964a, b) reported better tumour 
control by treating with one, two or three weekly 
fractions. All of them, however, reported unaccept- 
able normal tissue damage with once weekly treat- 
ment regimes. The principles of relative biological 
effectiveness utilizing NSD, CRE, etc., were not 
applied by them in selecting the dose levels to be 
employed in the altered regimes of radiation treat- 
ment. 

Even if the proportion of hypoxic cells in a 
tumour is as low as 10-3, the ultimate control of the 
tumour is dependent upon the fate of these cells. 
One of the main aims of fractionation is to create 
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conditions under which the hypoxic cells become 
oxygenated during the course of treatment. This 
requires that enough time should be available be- 
tween fractions to allow for lysis of the dead cells. 
Disappearance of dead cells would reduce the dis- 
tance between the capillaries and the surviving cells 
thereby making them better oxygenated and more 
vulnerable to the subsequent fractions. Many of the 
cells only die on attempted mitosis. According to 
Elkind (1973) it takes about three to four cell cycle 
times for oxic Chinese hamster cells to die and for 
lysis to take place and the same applies to rodent 
tumours, Elkind believes that if rates of cell degener- 
ation in human tumours are also related to rates of 
cell growth, then fractionation intervals consider- 
ably in excess of 24 hours will be required to 
achieve effective reoxygenation. Repopulation during 
longer fractionation intervals may not be of much 
importance because human cells grow more slowly. 

With this background it was considered reason- 
able to test the efficacy of a course of treatment using 
one fraction weekly over a period of several weeks for 
stage IIIB carcinoma of the cervix. It was con- 
sidered that even if this treatment proved to be only 
of equal effectiveness to the daily fractionation 
regime it would be far more acceptable to our 
patients. Most of our patients come from villages, 
accompanied by a number of family members. They 
find it difficult to stay in and around the hospital for 
six to eight weeks away from their place of work. One 
of the main reasons why patients come to us with 
such advanced disease is because the family likes to 
postpone the journey to the hospital until they can be 
away from their farms for this length of time. Week- 
ly visits to the hospital do not disrupt their work. 
This weekly fractionation regime was immediately 
appreciated by them. 


MATERIAL AND METHODS 

‘Twenty-four consecutive patients with stage IIIB 
carcinoma of the cervix were treated by the weekly 
fractionation regime. Their response to treatment in- 
cluding tumour regression and early and late reac- 
tions were compared retrospectively with twenty- 
four consecutive patients treated by a daily fraction- 
ation regime during the same month in the previous 
year. A minimum period of follow up in all cases has 
been one year. Cobalt 60 teletherapy and intra- 
cavitary radium or caesium were used in all cases as 
detailed below: 


Group I, daily fractionation 
Depending upon the separation of the anterior and 
posterior pelvic fields, a dose of 3000-4000 rad was 


given in 20 daily fractions by a diamond-shaped 
field of size 15 x 15 cm, with an Eldorado A cobalt 60 
teletherapy unit working at 80 cm SSD. Patients 
with a separation above 18 cm were given 3000 rad 
(midplane) and thinner patients were given a mid- 
plane dose of 4000 rad prior to intracavitary treat- 
ment. Ás soon as any diarrhoea settled, this was fol- 
lowed by an intracavitary insertion with an Ernst 
applicator (1949) giving a dose of 4000 rad to point 
A. A few days later further cobalt 60 teletherapy 
delivering approximately 1000 rad in five daily frac- 
tions was instituted. A total dose of 8000 rad was 
given to point À and 6000 rad to the pelvic wall. The 
central high dose area was shielded after the whole 
pelvis had received 4000 rad by cobalt 60 tele- 
therapy. 


Group I, weekly fractionation 

The TDF tables of Orton and Ellis (1973) were 
used to determine the weekly dose. 4000 rad in 20 
daily fractions at five fractions per week corresponds 
to a TDF of 66. With one fraction per week the 
same TDF was possible with five fractions of 580 rad 
each, given over 28 days, before the intracavitary 
radium insertion, Following the same dose of 4000 
rad to point A with intracavitary radium or caesium 
with an Ernst applicator, another fraction of 670 rad 
was given to the pelvic wall. In some patients who 
had suffered from severe diarrhoea, this dose was 
kept at 580 rad. The dose of 670 rad was considered 
roughly equal to 1000 rad in five daily fractions. 
Six fractions of 580 rad are also only slightly less 
effective biologically than 25 fractions of 200 rad 
according to the TDF tables. 

The rectal dose was calculated according to dose 
distribution charts (Ernst, 1958). A rectal dose-rate 
meter manufactured by Bhabha Atomic Research 
Centre, Bombay, was also used. The two calcula- 
tions had a variation of only 5-1095. The higher 
reading was used for calculation of rectal dose from 
the intracavitary insertion. In both groups the 
radium dose to the rectum varied from 2050 rad to 
2580 rad. In group I the total rectal dose thus varied 
from 6050 to 6580 rad. If we take 2900 rad given in 
five once-weekly fractions to be biologically equiva- 
lent to 4000 rad then the rectum received a similar 
dose in both groups of patients. In several patients of 
both groups the last five fractions in group I and last 
fraction in group II of external irradiation were post- 
poned by one to three weeks because of side effects. 
These parametrial fractions, however, did not con- 
tribute a significant dose to the rectosigmoid. The 
total duration of treatment was similar in both 
groups. 
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Fic. 1. 
Age distribution of the patients. 
TABLE I 
DisTRIBUTION OF PATIENTS AMONG RURAL AND URBAN 
POPULATION 
Group I Group II 
(SF/week) (1F/week) 

Rural 14 17 

Urban 10 7 

Total 24 24 





TABLE H 
EARLY TUMOUR REGRESSION 















Regression 3 
months after 
treatment 


Degree of 
regression 


Regression at the 
end of treatment 














Group I [Group Il} Group r Gröup I 
Incomplete 23 22 3 3 
Complete 1 2 21 21 
RESULTS 


Figure 1 shows the similar age distribution of 
patients in the two groups. Table I shows that in 
both groups the majority of the patients were from 
rural areas. Table II shows that both at the end of 
treatment and at three months, regression of the 
tumour was the same in both series. In the absence 
of pain, residual parametrial induration was not con- 
sidered as residual disease. It is expected that with 
the passage of time and further follow-up some of 
these cases will develop frank recurrence. In group 
II patients, it was an impression that most of the 
tumour at the cervix had already regressed at the time 
of the intracavitary insertion. Another major ad- 
vantage of large single fractions was the rapid con- 
trol of bleeding. Excessive bleeding in the daily 
fractionation regime could be controlled easily by 
early intracavitary radium but this was sometimes 


TABLE Il 
EARLY NORMAL TISSUE REACTIONS 









Group I Group If 
Moist skin reaction 3 2 
*Severe diarrhoea 8 8 





*Severe enough to interrupt treatment for more than one 


week. 


difficult and occasionally unsuccessful on account 
of nonvisualization of the external os. 

Three patients in each of the groups were never 
free from tumour and died shortly after treatment. 
In both series one patient died from the effect of 
distant metastases with control of disease at the 
primary site. In group I, one patient died from 
recurrence, two vears after treatment. 


Early normal tissue reactions 

Table III gives the early skin and bowel reactions 
in the two groups. Both were very similar and 
acceptable. Moist skin reactions occurred in obese 
patients, Diarrhoea was also more common in the 
obese. 

The satisfactory early tumour regressions as well 
as the acceptable acute normal tissue reactions in the 
group II patients were very encouraging. 


Late normal tissue reactions 

Our hopes and expectations of having found a very 
satisfactory fractionation regime suitable for our 
patients were quickly demolished when late radi- 
ation reactions started developing in patients of 
group H, beginning seven months or more after the 
onset of radiation (Table IV). Soon every surviving 
patient developed a severe bowel reaction. The first 
indication in all was tenesmus and blood and mucus 
in the stools. Sigmoidoscopy revealed a haemor- 
rhagic mucositis localized to a 10-12 cm length of 
rectosigmoid. In a few, there was an oedematous, 
indurated and ulcerated area on the anterior rectal 
wall which felt like tumour but never revealed malig- 
nant disease on histological examination. In only 
one third of the patients could these symptoms be 
controlled to a reasonable extent by medication with 
opiates, anticholinergics and corticosteroids. The 
latter were first commenced and continued as sup- 
positories in those who benefited. In others, a short 
course of oral corticosteroids was used to assess its 
effect. In six, the blood and fluid loss was con- 
sidered severe enough to warrant emergency colos- 
tomy. One of these patients died three months later 
with no clinical evidence of tumour. Another 
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developed a perforation of the small bowel and a 
pelvic abscess and died following surgery. One 
patient died from the complications of a bilateral 
uretero-sigmoidostomy for a vesico-vaginal fistula, 
one year following treatment. Two patients devel- 
oped rectovaginal fistulae with no evidence of 
recurrence, Both are refusing a colostomy and 
Managing with opiates. In two obese patients there 
is extensive troublesome oedema in the field of radi- 
ation. In one, the oedema is extending to the legs. In 
both there is as yet no clinical evidence of residual 
or recurrent disease. 

In the group I patients all of whom have been 
followed up for over two years as against the 
minimal follow up of one year in group II, 11 
patients are alive and well with no symptoms of 
bowel reaction (Table IV). Another eight are sur- 
viving in whom proctitis lasted over six months. It is 
quite possible that in some a resultant stricture may 
require a colostomy at a later stage. A similar fate 
is expected in some of the eight patients of group II 
in whom proctocolitis has persisted for over six 
months. So far none of the 24 patients of group I has 
required a colostomy for proctitis, stricture or 
fistula. In our previous experience with this regime 
of giving a total dose exceeding 6000 rad to the 
rectum, about 5% required surgical intervention to 
control the late bowel complications. 

The late bowel reactions following the single 
weekly fraction technique are so severe and un- 
acceptable that these have prevented us from doing a 
further random prospective trial using this regime. 


Discussion 
There was no relationship between the early radi- 
ation reactions arising during the course of treatment 


and immediately following it and the development of 
late complications seven months or more after radi- 
ation. According to Buchler et al. (1971) there is a 
definite relationship between the severity of early 
bowel reactions and subsequent complications in- 
volving the gastrointestinal tract. They have, how- 
ever, reported that among 16 out of 410 patients who 
later developed gastrointestinal or genito-urinary 
fistulae, only seven had earlier developed moderate 
to severe bowel reactions. Similarly, out of 33 
patients developing a stricture of the recto-sigmoid, 
only 15 had been preceded by moderate reactions 
during treatment. So it is not difficult to draw an 
opposite conclusion from their statistics. 

Eighty-five per cent of our patients come to us 
with parametrial involvement out to the pelvic 
wall—stage III (UICC) or stage IHIB, When it 
became possible to give a higher dose with cobalt 60 
teletherapy, treatment giving a total dose of 8000— 
8500 rad to point A and 6000 to the pelvic wall was 
commenced in 1965. In the first plan, 6000 rad was 
given by cobalt 60 teletherapy to the whole pelvis 
and this was followed by a radium insertion. In the 
second plan 6000 rad was given to point A with 
radium and the remaining dose to point A and para- 
metria by cobalt 60 teletherapy. In the latest plan 
the contribution of dose to point A was 4000 rad by 
intracavitary insertion and 4000 rad by cobalt 60 
teletherapy. Although no proper follow up was done 
of the first two regimes, the impression was that both 
were equally good. A few patients developed bed 
sores after the single large radium insertion deliver- 
ing 6000 rad to point A. Similarly a number of 
patients developed subcutaneous oedema when 6000 
rad was given by cobalt 60 teletherapy. The third 
regime of 4000 rad by intracavitary insertion and 


TABLE IV 
LATE REACTIONS OR COMPLICATIONS 























TN Group I (5 fractions per week) E Group II (1 fraction per week) 
i Complications (minimum follow up 24 months) (minimum follow up 12 months) 
Le No complications 11 0 
|» Proctitis lasting over 6 months 8 8 
Severe proctitis requiring colostomy 0 6 (1 dead*) 
Perforation of small bowel 0 1 (dead*) 
Vesico-vaginal fistula 0 1 (dead*) 
Rectovaginal fistula 0 2 
Oedema of vulva, mons, etc. 0 2 
Residual disease 3 (dead) 3 (dead) 
Died from metastasis 1 (lung) 1 (liver) 
Died from local recurrence 1 0 
24 





*Died after surgery. 
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4000 rad with cobalt 60 teletherapy was free from 
both these drawbacks and became the treatment 
policy in 1972. Cowell (1953) reported a complica- 
tion rate of 59.595 when a dose of 4500-5500 rad to 
point A was given with radium supplemented by 
4000 rad from external radiation in four weeks. With 
deep X-ray therapy, this dose was much higher than 
the dose received by our group I patients. Frick et al. 
(1960) used a similar dose to our group I patients 
and reported four deaths and five major complica- 
tions in 65 patients. Deeley (1954) reported proctitis 
and other late complications in 55°, of patients 
when the rectal dose was above 5400 rad. 

Buschke (1964) stated in his concluding remarks 
at a symposium on protraction and fractionation: 
"Sufficient prolongation of the overall treatment 
time is the most important factor from the point of 
view of preservation of normal tissues, particularly 
vasculo-connective structures . . . details of frac- 
tionation during such protracted periods of overall 
time appear to be of less importance and in part ad- 
justed to practical and economic considerations 
without jeopardising the results". Alper et al. (1962) 
concluded that the "shoulder" of survival curves 
with an extrapolation number greater than one, in- 
dicated a decreasing efficiency of irradiation when 
administered with increasing fractionation. Sam- 
brook (1964) also reached the same theoretical con- 
clusion that higher extrapolation numbers indicate 
the desirability of delivering the dose in fewer 
larger fractions. In addition to the economic desir- 
ability of using fewer fractions, we expected to see 
better tumour control with similar complications by 
using doses with the same NSD and cumulative 
radiation effect (CRE). As pointed out earlier the 
dose selected for one fraction per week was cal- 
culated from TDF tables of Orton and Ellis (1973). 
Using the NSD formula, 4000 rad in 20 fractions 
over 26 days has an NSD of 1361. 2900 rad given 
in five fractions over 28 days has an NSD of 1367. 
Exactly similar figures are obtained when cumulative 
radiation effect is calculated for the two regimens 
using the CRE formula of Kirk et al. (1971). So the 
two regimens should be iso-effective if the three 
formulae predict correctly. 

Having selected our dosage in this manner, we had 
not expected to see the severe late reactions re- 
ported by Sambrook et al. (1950), Sikov et al. (1963) 
and Atkins (1964a and b) following their once-weekly 
fraction regimes. Sambrook et al. (1950) used the 
same total dose with once a week fractionation as in 
the daily fractionation schedules. Atkins (19642) 
used 3250 rad divided in three weekly fractions for 
extensive head and neck tumours. Using similar high 


weekly fractions for inoperable breast carcinomas he 
reported a high percentage of late fibrosis involving 
pectoralis musculature as well as radiation myelitis, 
making him discontinue the project despite an 
excellent tumour response (Atkins, 1964b). We were 
expecting that iso-effect doses would hold true for 
skin as well as for the bowel mucosa, and a regime of 
a few large fractions gave a theoretical possibility of 
achieving better tumour control in stage III cervical 
carcinoma. We agree with Fletcher et al. (1958) that 
there is no evidence of absolute levels for the radi- 
ation tolerance of bladder and rectum. Within the 
range of 6000-6500 rad to the rectum we did not find 
any relationship between bowel complications and 
rectal dose in group I. The total dose of 8000 rad to 
point A and 6000 rad to the pelvic wall and para- 
metria had been giving an acceptably low rate of late 
major complications in the last 11 years and so this 
dose was chosen as our standard. 

It is possible that some modification in dose is 
required for fewer fractions involving large volumes 
of bowel mucosa. It is worth noting that the acute 
bowel reactions during the course of treatment and 
immediately following it were similar to those 
occurring with five fractions per week. The vasculo- 
connective tissue of the bowel wall did not tolerate 
these high dose fractions and produced late com- 
plications. Wiernik and Perrius (1975) reported that 
progressive diminution of pericryptal fibroblasts 
may be a component of late radiation damage in 
rectal mucosa and warn that it is necessary to show 
that late radiation damage caused by a revised 
fractionation schedule is not excessive. It is apparent 
that the dose fractionation schedule used by us is un- 
acceptable. It is quite possible that another dose 
fractionation pattern may turn out to be better. 

Large single weekly fractions with the same NSD 
and CRE values as the five daily fractions per week 
are not tolerated by the rectosigmoid. 
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The pressures on space have inevitably resulted in a rather 
superficial treatment of many of the subjects including 
tomography, phototimers and image intensification. Many 
topics have been omitted, including radiography of the 
radial head, the dislocated shoulder and the subtalar joints. 
"There is no account of portal venography, radiculography, 
or renal puncture. The description of skull views does not 
include the use of a skull table. Some of the techniques do 
not conform to standard British practice. For excretion 
urography a test dose is recommended, a film of the nephro- 
gram stage is omitted and ureteric compression is advocated 
immediately after the injection. The suggestion that the 
syringe should be filled with contrast medium by the radio- 
grapher will not be widely accepted. 

Despite these reservations, the book provides an excellent 
introduction to the whole subject of radiography and allied 
basic sciences. It is well-presented, clearly printed on good 
quality paper and has an excellent binding. It should be 
recommended to the budding radiographer or radiologist at 
the start of their careers and will provide a sound overview 
of the whole subject which will facilitate further detailed 
study. It should be available in all training schools for 
radiography and radiology. W. M. Harrison. 
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ABSTRACT 

Since 1972 over 100 patients have been treated by fre- 
quent daily sessions of radiotherapy with a short overall 
time. Cobalt 60 teletherapy and 250 kV X-ray beams have 
been used with radical or palliative dosage. The tolerance to 
these regimes of the skin, breast, chest wall, neck, lung and 
pelvis is discussed and the tumour responses described. 

Radiotherapy by multiple daily sessions is clinically pos- 
sible and often an advantage. Its therapeutic ratio is not 
inferior to comparable regimes using longer intervals. 


Radiobiological research has predicted the potential 
of frequent fractionation (Fowler et al., 1963). If 
fractionation is better than single exposure, then it is 
likely that some types of fractionation may be better 
than others. Different regimes using anything from 
one to five fractions a week have been tried with the 
only apparent advantage an administrative one. The 
advantage of thesplit-course introduced by Sambrook 
(1962) was that it caused a reduction in acute 
reactions. Pierquin (1970; 1974) attempted to simu- 
late low dose-rate radiation by frequent small 
fractions, and the possible advantages of small frac- 
tions were explored by Baclesse (1955), and more 
recently by Littbrand (Backstrom et aL, 1973; 
Jakobson and Littbrand, 1973; Littbrand et al., 
1975) and by Simpson and Platts (1976) who used 
three daily sessions. Shukovsky e! a/ (1976) at- 
tempted twice-a-day fractionation. 

In short courses of treatment lasting for five days 
repopulation does not play a role (Denekamp and 
Harris, 1976), but intracellular recovery is fast and 
allows frequent sessions. A very short course can 
still preserve the advantage of fractionation only if 
there is a different rate of repair of sublethal damage 
between normal tissue and the tumour. À prelimi- 
nary report of our experience with multiple daily 
sessions has appeared already (Svoboda, 1975). 


PATIENTS AND ‘TREATMENT SCHEDULES 
From October 1972, multiple daily sessions of 
radiotherapy (referred to below as MDS RT) were 
used in the treatment of several tvpes of malignant 
tumour. 


Breast carcinoma 

Thirty-nine patients were treated between 1972 
and 1975 for local recurrence, inoperable primary 
tumour or post-operatively by cobalt 60 teletherapy 


with tangential fields. ‘The treatment was delivered 
in three or four daily fractions, at 9 a.m., noon, 
3 p.m. and 6 p.m., on five days per week. Both fields 
were treated at each session and 15-30 fractions were 
delivered in 5-12 days. In three patients, 250 kV 
X-rays were used with similar fractionation. 


Squamous carcinoma of larynx and hypopharynx 

Thirteen advanced cases with a poor chance of 
cure by conventional methods were treated between 
1973 and 1975 by cobalt 60 with opposed fields 
covering the larynx or hypopharynx and sometimes 
also the adjacent lymph nodes. Treatments were 
given on five days per week, so that 24-34 fractions 
in three daily sessions were applied in 10-12 days. 
The total dosage was 5000-5500 rad. 


Bronchial carcinoma 

Eighteen patients were treated between 1974 and 
1975. Five had squamous carcinomas, two adenocar- 
cinomas and five undifferentiated carcinomas. In six 
the diagnosis was only clinical. All the lesions were 
inoperable and advanced but only three patients had 
evidence of extrathoracic tumour extension. Two 
were treated by a three field plan, one by a single 
field and the rest by an opposed 99Co pair. Two, 


TABLE I 
NSD VALUES OF THE MULTIPLE DAILY SESSIONS 
REGIMES USED FOR THE TREATMENT OF BRONCHIAL 
NEOPLASMS 
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three or four daily sessions were used over a total 
time of four to 12 days with a week-end pause. Ten 
to 40 fractions were delivered and all fields were 
treated at each session. The minimum interval 
between the daily sessions was three hours. Typical 
regimes and their NSD values are listed in Table I. 


Bladder carcinoma 

Four patients with T4 and six patients with T3 
transitional cell carcinomas were treated between 
1975 and 1976. Two patients with T3 tumours were 
treated pre-operatively by an opposed 89Co pair 
delivering 3500 rad in 15 fractions over five days. 
The rest were treated palliatively by three fields of 
Co teletherapy with the following dosage: 4000 
rad in 15 fractions over five days, 4000 rad in 30 
fractions over 12 days, 4500 rad in 30 fractions over 
15 days, 4750 rad in 30 fractions over 15 days, 4500 
rad in 40 fractions over 18 days, 4080 rad in 30 
fractions over nine days, 3600 rad in 21 fractions over 
seven days. One patient did not finish the course. 


Tumours of the pelvis and abdomen 

Two recurrent ovarian adenocarcinomas, one 
adenocarcinoma of the colon, one recurrent squam- 
ous carcinoma of the vagina, one carcinoma of the 
prostate and one squamous cell carcinoma of the 
anus were treated between 1973 and 1976 by 99Co 
teletherapy using two or three fields. 15-40 sessions 
over a period of 5-18 days in two, three or four 
fractions daily were used to deliver tumour doses of 


3750-5250 rad. 


RESULTS 
Breast carcinoma 
No systemic reactions were observed. Without 
bolus, there was either no early skin reaction or 


TABLE I 


ARBITRARY SCALE OF EARLY SKIN REACTIONS 





| Reaction increasing 


No reaction 

Just noticeable | 
erythema 

Erythema p T Pigmentation, atrophy 
“Intensive erythema | Dry scab . 


RRR ————————— 


Moist spots 


















Mild pigmentation 














Moist spots and 

crusting 
Confluent moist 
reaction 


| 








minimal erythema, whereas the use of full bolus or 
250 kV X rays produced moist desquamation. The 
grading of early skin reactions is explained in Table 
IH. Late changes appeared after four months, and at 
18 months these were fully developed in the form of 
fibrosis and skin leathering. A dose of 4000 rad 
administered in 15 fractions over five days led to no 
such changes. However, 4500 rad applied by the 
same fractionation produced only moderate late 
changes, and no late changes at all if 24 fractions 
were used (Table HI). If the MDS RT is applied 
after previous conventional daily radiotherapy, 3500 
rad tumour dose in 17 and 3750 rad in 15 fractions 
are still tolerated well. Higher doses in 15 fractions 
over five days lead to late damage. All the late 
changes were asymptomatic and there was no skin or 
bone necrosis due to radiation, and no pulmonary 
fibrosis was seen. 

The tumour response was usually fast. In several 
cases it was already noticeable during the course of 
treatment. The results are summarized in 'T'able IV. 
Apart from the group of inflammatory carcinomas 
where the response was disappointing, only one 
tumour failed to regress, and the lesions disappeared 
completely in 14 cases. Considering the advanced 
character of the disease in most of these patients, 
the tumour response was very good. 


Carcinoma of the larynx 

Acute mucosal reactions appeared in the second 
week of treatment and culminated in a fibrin coating 
during the third or fourth week. Subjective symp- 
toms were mild; only one patient with a post- 
cricoid carcinoma suffered severe dysphagia. The 
reactions healed at the end of the second month or 
earlier. Erythema was the only early skin reaction. 
The primary tumour regressed in 11 out of 13 
patients (Table V). Four lesions recurred locally. 
Two patients had a laryngectomy six months after 
radiotherapy and both are well. Ten patients sur- 
vived a year or more and six of them are alive 
without recurrence at 35, 30, 26, 21, 12 and 12 
months. Only the patient with a post-cricoid carci- 
noma developed laryngeal and upper oesophageal 
fibrosis which required a tracheostomy and tempor- 
ary gastrostomy. In one patient who died of meta- 
static disease, post-mortem examination showed 
only moderate post-radiation laryngeal changes and 
no local disease. Another patient died of aspiration 
pneumonia and post-mortem examination revealed 
severe radiation changes with ulceration of the 
epiglottis and cartilage necrosis. Active disease was 
present only in the cervical lymph nodes. Simi- 
larly, one of the laryngectomy specimens with 
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necrotic cartilage had only moderate radiation 
changes and did not contain active disease, although 
this had been present in the cervical lymph nodes. 
The second laryngectomy specimen contained tu- 
mour infiltrating the laryngeal cartilage and there 
were severe radiation changes near the tumour but 
only moderate changes away from it. One of the 
patients has mild, unilateral and asymptomatic pos- 
terior neck fibrosis. Similar fibrosis developed be- 
tween five and 14 months in another patient who 
had this area included in the treated volume. 


Six more-recently treated patients with less ad- 
vanced vocal cord carcinoma (T1 or T2, three of 
whom are recorded in the Table) responded well and 
in August 1977 are tumour and symptom free at 29, 
19, 19, 10, 6 and 6 months. 


Carcinoma of the bronchus 

The systemic tolerance of all the regimes was 
good. Six patients complained of moderate and 
temporary dysphagia and three out of six (who 
survived six months) developed post-radiation 


'TABLE III 


CARCINOMA OF THE BREAST 
'l'HE TOLERANCE OF SKIN FOLLOWING LARGE VOLUME RADIOTHERAPY BY MULTIPLE DAILY SESSIONS 








Fractions X 





Total time Acute skin reaction 
in days NSD Build up (<8 weeks) 











dose per ‘Tumour dose Late skin changes 
fraction (rad) (6-18 months) 
250 kV X rays 
15x 250 3750 5 4-5 Skin atrophy and 


| 1820* | bolus 


telangiectasia 


$9Co teletherapy 







































































15 x 266 4000 5 1750 | 0 1 0 
15 x 283 4250 5 1860 | 0 0-1 0 or minimal pigmentation 
at 6-27/12 
15 x 300 4500 5 1970 | 0 0-1 Leathering and fibrosis 
after 1 year 
115 x 300 4500 5 1970 | Full bolus 4-5 Atrophy and pigmentatión; 
fibrosis 
20 x 237 4750 5 1940 | 2 mm 2 (skin folds 4) Skin and muscle fibrosis and 
vaseline atrophy after 7 months 
gauze 
15x317 4750 9 195010 1-2 Moderate fibrosis at 18 ni 
months 
24 x 198 4750 9 1740 | vaseline 2 0 at 2 years BE | 
gauze 
30x 150 4500 12 1510 | 0 1 Oat yel ——— | 
17 x 205 3500 1490 | 0 0 
15 x 250 3750 1640 | 0 Oatilmonbs ———— i 
15x266 4000 1750 | 0 Fibrosis at 14-20/12, at — | 
36/12 softening 
15 x 273 4100 1790 | 0 Leathering and fibrosis | 
10-31/12 
15 x 280 4200 1840 | 0 DénhennpandfüigEs | 
17-2242 
21x202 4250 1570 | 0 Fibrosis at 16 months ER 
i- 

















*With allowance for RBE of 250 kV X rays relative to 5°Co y rays (1/0.9). 
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TABLE IV 


CARCINOMA OF THE BREAST 
TUMOUR RESPONSE TO RADIOTHERAPY BY MULTIPLE DAILY SESSIONS 
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Response Number local recurrence (in months) 
Full 7 4,11, 11 21,21,26,26 
Partial 10 2, 4, 4,4, 5, 6,7, 7, 21 27 (radical surgery at 8) 
Full 2 24 (radical surgery at 3) 
m — m- — - seme —1 
— 1 7 
Prophylatic 1 34 E 7 
Local recurrence after Full 3 ET ,39 b = 
previous MV RT MM -— — — = — 
Partial 6 4,5,7,10, 11,22 — 
| Nil 1 BH i S 
Poasi MEME = a | 
| Inflammatory Partial 2 5 (longest survival 1 yr.) 
| carcinoma — = M Se Sewer 
Minimal or none 4 — (2 died less than 
1 month after R'T) 
Repeated MDS RT for | 1st: Full — 
'T4 tumours MM 1 — —— 
2nd: Partial — 
1st: Partial — 
2nd:Partial 26 no reactivation 
All 











Full response 15 
Partial response 19 
Nil 5 


Summary: 














fibrosis in the treated volume. A chest radiograph 
showed full tumour response in eight and partial 
tumour reponse in five patients. Five tumours either 
did not respond or it was not possible to assess the 
response. Six patients lived between six and 12 
months and two survived one year. On 31.12.76, 
two patients were alive, one and six months after the 
treatment. Fifteen of 16 patients probably had 
active disease at the time of death, but 11 out of 18 
were known to have distant metastases. Local dis- 
ease caused death only in four patients. 


Bladder carcinoma 

All patients with transitional cell carcinoma of the 
bladder developed diarrhoea which commenced be- 
tween five and 15 days after the first session and 
settled before 40 days. With a dose of 4000 rad, one 
patient also complained of proctitis. Two patients 
had a total cystectomy two days after the com- 
pletion of pre-operative treatment. One of them 


died one month later due to a pulmonary embolus; 
the other patient developed superior vena caval 
obstruction caused by another bronchial primary 
ten months later. He also had mild chronic diar- 
rhoea following treatment. Of the remaining eight 
patients, two have shown good early tumour re- 
sponse, four failed to respond and two await cys- 
toscopy. The longest survival is 11 months. 


Tumours of the pelvis and abdomen 

There was no response from two advanced car- 
cinomas of the ovary. A dose of 4250 rad in 26 
fractions over 18 days caused proctitis but 3750 rad 
in 30 fractions over 15 days caused no symptoms. 

A fast decompression of ureters in a uraemic 
patient with carcinoma of the prostate was not 
achieved, 4250 rad in 30 fractions over 14 days 
caused enteroproctitis in the second and third week 
after the beginning of treatment. There was also no 
response of an adenocarcinoma of the anus and 
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TABLE V 
SQUAMOUS CELL CARCINOMA OF THE LARYNX AND HYPOPHARYNX 


5500 RAD, 24 FRACTIONS IN 10 pays — 2000 RET 
5500 RAD, 34 FRACTIONS IN 12 pays — 1800 RET 


Mav 1978 


x 10 cx 
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'Tumour | 
response 
Primary or local Further Follow-up in months 
tumour Frac- | Tumour | Time | recurrence treatment 
(site) Age TNM tions Dose | in days| (months) (months) Alive | Died Comment 
Ary- PM larynx- 
epiglottis | 48 | T4NI1MI1 | 24x 5500 10 Full R'T, lung — 30 | moderate RT 
230 changes. Lung | 
metastasis. 
ARN RS " POMA E ANKTEREUR | 
Ary- PM necrotic 
epiglottis 70 | T3N1MO | 30x 5500 11 Full — — 9 | primary. Tumour 
183 in the neck lymph| 
nodes. 
Epiglottis | 71 | T2N1MO | 27 x 5000 10 Localrec. | — — 16 
185 (8) 
Larynx 67 | T3N2MO | 24x 5250 10 Full Laryngectomy | 26 — | No recurrence, 
219 and block (6) 
Vocal cord 
with sub- 24 x Local rec. 
glotticext.| 77 | T2N1MO ; 208 5000 10 (8) Refused — 28 
Vocal cord 
with sub- 34 x Local rec. 
glotticext.| 75 | T2NOMO | 162 5500 12 (10) Chemotherapy} — 15 
Vocal cord 
with sub- 
| glottic and 
tracheal 26 x Laryn- 
extension 73 | TANOMO | 192 5000 13 Residual | gectomy (6)} 35: — No recurrence. 
Vocal cord| 81 | T2NOMO | 27 x 5500 11 Full — 21 — | Symptom free. 
204 
| ENDS NEM EE DIU d | 
| Vocal cord} 72 | T2NOMO | 30x 5500 12 Full —— 12 — | Symptom free. 
183 | 
| Vocal cord} 73 | T2NOMO | 30 = 5500 12 Full — 12 — | Symptom free. | 
| 183 
| 
PISOS NUES ae ce sp NS PRX SUN ea TM NEN HE pP | 
Hypo- 68 | T3N3MO* | 30 5000 12 Residual | — — 3 | 
pharynx 167 | 
PAOA ia a N |. is eee eee PARTES e Nene oe | MM M— i 
Gastrostomy | 
(temporary) Fibrosis of larynx) 
Post 28 x and and oesophageal | 
cricoid $7 | T2N0MO | 188 5250 10 Full tracheostomy 30 — | stricture | 
Pyriform 72 | T2NOMO | 30 « 5250 | 12 Local rec. | — — 11 Broncho- | 
pm 175 (7) pneumonia | 
4 

















*Patient had also metastatic breast carcinoma. 
+Primary tumour was devitalized, radiation changes moderate, cervical lymph nodes positive. 
{Active primary tumour and severe radiation changes were present. 
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rectum in a patient who received 5250 rad in 27 
fractions over 11 days to a small volume. Extensive 
recurrence. of an adenocarcinoma of the colon 
treated with large volume irradiation of the abdomen 
delivering 4000 rad in 20 fractions over five days 
resulted in malaise and nausea in the week after the 
completion of the treatment. The tumour then 
partially regressed and the patient was symptom 
free for three months. The only full response noted 
was in a patient with a recurrent squamous cell 
carcinoma of the vagina, which was treated with 
4750 rad in 15 fractions over 24 days (three fractions 
per day, with a five day gap after the first seven 
treatment days). This patient developed enteroproc- 
titis in the second and third week but was symptom 
free a month later and eventually died ten months 
later of upper abdominal disease without local 
" recurrence, 


GENERAL DISCUSSION AND CONCLUSIONS 

It is possible to deliver relatively high doses in 
multiple daily sessions over five days to a large 
volume of chest wall because of the fast intracellular 
recovery during the three hours between sessions. 
There is a plateau effect at approximately 20 frac- 
tions. Further increase in the number of fractions in 
a five day course improved the tolerance only 
marginally. Conversely, we can say that the plateau 
effect is obvious when the dose per fraction is 250 
rad or less (Dutreix and Wambersie 1976; Wambersie 
€t al., 1974), Cohen (1972) predicts that the difference 
in tolerance between a course of 15 fractions given in 
five days, or the same 15 fractions given in ten days, 
is small and is caused by the weekend gap and 
repopulation. 

The tumour response of advanced breast carci- 
nomas would probably not have been better after 
conventional dailv fractionation lasting three to ten 
weeks. The speed of tumour regression and the good 
systemic tolerance makes MDS RT suitable for 
palliative radiotherapy, and also for pre- or post- 
operative regimes especially in patients where hospi- 
talization is desirable or necessary. Radical treat- 
ment by a ten-day MDS RT course can also be used 
with advantage in carcinoma of the larynx. It pro- 
duced only moderate early and late reactions which 
were tolerated even by elderly patients. Symp- 
tomatic late changes occurred only in one patient 
with a post-cricoid carcinoma. There was no no- 
ticeable difference in the mucosal reactions to 5500 
rad in ten to 12 days, delivered in 24 or 34 fractions. 
This is probably due to the plateau effect which 
limits the advantage of superfractionation for the 
short overall time regimes. 


The acute systemic tolerance and early tumour 
response of bronchial neoplasms were encouraging. 
Good but short palliation was achieved. 

Frequent fractionation did not have any special 
advantage for the treatment of advanced tran- 
sitional cell carcinomas of the bladder or adenocar- 
cinomas of the intestine or ovary. MDS RT causes 
enteroproctitis at doses above 3000 rad in 15 frac- 
tions over five days. 4000 rad in 15 fractions over 
five days is probably the limit of tolerance. Doubling 
the number of fractions or the overall time did not 
reduce the symptoms. 

It is possible to reduce the interval between treat- 
ment sessions to three hours during a working day 
and thus deliver a full dose of radiotherapy in five or 
ten days which preserves the advantages of frac- 
tionation. As the repopulation in five days is negli- 
gible, the rate of repair of sublethal damage in 
normal tissue and in the tumour must differ. Doses 
of 4000 rad in 15 fractions over five days, or 4750 
rad in 24 fractions over ten days cause no late 
changes, even when a large volume is treated. Such 
regimes are especially advantageous in hospitalized 
patients but can also be administered to out-patients. 
This new fractionation technique provides an option 
for tailoring the treatment to the individual tumour. 


ACKNOWLEDGMENTS 

This work has been made possible by the keen interest 
and help of Mrs, S. C. Burnett, Mrs. M. H. Cook-Radmore, 
and all the radiographers in the Department of Radiotherapy 
at St. Mary's Hospital, Portsmouth. I am indebted to Dr. 
J. Burston for the histological assessment of the late post- 
radiation changes and to Mr. J. E. Snelgar and Mrs. F. 
Morris for the measurements and assistance in the treat- 
ment and planning. J should also like to express my thanks 
to Dr. J. F. Fowler, Dr. W. E. Liversedge, Dr. L. Cohen 
and Dr. F. Ellis for their advice and encouragement. 

This study was subsidised by the Wessex Oncology 
Service Grant, 


REFERENCES 

BÄCKSTRÖM, A., JakomssoN, P. A., LrrrBRAND, B., and 
WznsALL, J., 1973. Fractionation scheme with low in- 
dividual doses in irradiation of carcinoma of the mouth. 
Acta Radiologica, Therapy, 12, 401—406. 

BacLesse, F., 1955. A method of pre-operative roentgeno- 
therapy by high doses, followed by radical operation for 
carcinoma of the breast. The Fournal of the Faculty of 
Radiologists, 6, 145-163. 

Conen, L., 1972. Cell population kinetic models in Radio- 
therapy. Modern Trends in Radiotherapy, 2, 31-50 
(Butterworths, ed. Deeley). 

Denekamp, J, and Harris, S. R., 1976. Studies of the 
processes occurring between two fractions in experimen- 
tal mouse tumours. International Journal of Radiation 
Biology and Related Studies in Physics, Chemistry and 
Medicine, 1, 5-6, 421-430. 

Dourrerx, J., and WAMBERSIE, A., 1976. Facteur temps dans 
les réactions précoces de la peau humaine. Journal de 
Radiologie, d' Electrologie et de Medecine Nucléaire, 57, 813— 
816. 

Fow ter, J. F., Moroan, R. L., Sitvestor, J. A., BEWLEY, 
D. K., and Turner, B. A., 1963. Experiments with 


368 


May 1978 


Further experience with radiotherapy by multiple daily sessions 


fractionated X-ray treatment of the skin of pigs. British 
Journal of Radiology, 36, 188—196. 

JakoBssoN, P. A., and LITTBRAND, B., 1973. Fractionation 
scheme with low individual tumour doses and high total 
dose. Acta Radiologica, Therapy, 12, 337—346. 

LITTBRAND, B., Epsmyr, F., and Revesz, L., 1975. A low 
dose fractionation scheme for the radiotherapy of carci- 
noma of the bladder. Bulletin du Cancer, 62, 241—248. 

Prerquin, B., 1970. L'effet différentiel de l'irradiation 
continué ou semi-continué à faible débit des carcinomes 
épidermoids. Journal de Radiologie, d'Electrologie et de 
Medecine Nucléaire, 51, 533—536. 

Prerguin, B., Baier, F., and Brown, O., 1974. La 
teleradiotherapie continué et de faible debit; deuxieme 
rapport. Journal de Radiologie, d' Electrologie et de Mede- 
cine Nucléatre, 55, 757—763. 

SamBrook, D. K., 1962. Clinical trial of a modified (split- 


course) technique of X-rays therapy in malignant tu- 
mours. Clinical Radiology, 13, 1-18. 

Suukovskv, L. J., FLETCHER, G. H., MoNTAGUE, E. D., and 
WirHERS, H. R., 1976. Experience with twice-a-day 
fractionation in clinical radiotherapy. The American 
Journal of Roentgenology, Radium Therapy and Nuclear 
Medicine, 126, 155-162. 

Simpson, W. J., and Prarrs, M. E., 1976. Fractionation 
study in the treatment of glioblastoma multiforme. 
International Journal of Radiation Biology and Related 
Studies in Physics, Chemistry and Medicine, 1, 7 and 8, 
639-644. 

SvoBopa, V. H. J., 1975. Radiotherapy by several sessions a 
day. British Journal of Radiology, 48, 131—133. 

WAMBERSIE, A., Dutrrerx, J., Mastin, J., and GUEULETTE, 
J., 1976. Réponse de la muqueuse digestive à une ir- 
radiation unique et fractionnée, Bulletin du Cancer, 63, 2, 
175-190. 





Book review 


Radiation protection design guidelines for 0.1-100 MeV 
particle accelerator facilities: NCRP report No. 51, pp. vii- 
159, 1977 (National Council on Radiation Protection and 
Measurements, Washington) $5.00. 

'The purpose of this report is to provide design guidelines 
for radiation protection in particle-accelerator facilities. 
Although it is claimed to be directed mainly at designers, it 
could profitably be read by anyone concerned with the 
operation and radiological protection problems of acceler- 
ators. As a practical text-book it gives full coverage to all 
safety aspects and provides rule-of-thumb guidance together 
with excellent summaries of relevant data. It is a great pity 
therefore that the document is marred by some ineptness in 
handling the concepts of radiological protection. In one or 
two places the distinctions between dose and dose rate or 
between dose-equivalent and dose-equivalent index are lost. 
Of particular concern is a definition of dose-equivalent rate 
which includes an occupancy factor, such that the dose- 
equivalent rate in an area with an occupancy factor of 0.1 
would be defined as this fraction of the instantaneous 
dose-equivalent rate, 

In one respect the document departs from the concepts of 
ICRP and from the basic safety standards of the European 


Communities. The distinction made by both ICRP and the 
CEC between controlled areas where the dose may exceed 
three-tenths of the annual maximum permissible limits and 
supervised areas where it may be between one and three- 
tenths is not recognized. Instead only controlled areas where 
the dose equivalent rate may be up to 2.5 mrem h~? and non- 
controlled areas where it may be up to 0.25 mrem h“! are 
proposed. 

One of the many appendices is devoted to definitions. 
While these are appropriate for their use in the text, many 
would not be acceptable for general use. Another appendix 
is devoted to dose limits and uses terms such as “‘retro- 
spective annual limit", “fertile women" and "population 
dose limits" which can only be properly understood if the 
recommendations of ICRP are consulted. The same ap- 
pendix includes a table of neutron fluence rates per unit 
dose-equivalent rate which is at variance with. ICRP 
publication 21. 

In summary the report provides excellent practical 
guidance but needs to be supplemented by a working 
knowledge of ICRP recommendations and specific statutory 
requirements. 

J. A. Dennis. 
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ABSTRACT 

‘The problem of selecting the best radiation treatment plan 
from several that may offer subtle differences has been 
considered. A method is introduced in which the concept of 
à complication probability factor (CPF) can be used to 
quantify the relative merits of such treatment plans. 'The 
CPF is a variant of integral dose and consists of a weighted 
volume of irradiated normal tissue which may relate to 
radiation-related complications. Treatment plans for 
irradiation of a pelvic tumour volume using parallel opposed, 
360 deg rotational and four-field techniques with X-ray 
beams of 4, 8, 22, and 45 MV have been analyzed to demon- 
strate the utility of the method. This analysis suggests that 
complex radiation delivery techniques may offer a substan- 
tial improvement in dose distribution characteristics, while 
higher beam energies are relatively less advantageous. 


At present, there is no generally accepted basis for 
selecting the best treatment plan from the various 
available possibilities. Current practice relies pri- 
marily on clinical judgement to make this decision. 
With the development of methods for complex 
three-dimensional treatment planning and radiation 
delivery, an increased number of alternative plans 
may become available. These plans may contain 
subtle differences in dose distribution that may have 
clinical significance. In addition, the variety of 
energy capabilities of modern super-voltage equip- 
ment may further contribute to the number of plans 
from which selection is required. 

Selection. could be assisted by developing a 
quantitative method of plan evaluation which would 
place numerical values on the relative merits of 
various treatment plans. These values would then be 
available as an aid to the clinician in selection of 
treatment plans and subsequent evaluation of thera- 
peutic results. Using clinical data and radiobiological 
principles, we propose such a quantitative method 
for plan analysis. As an example, the method is 
applied to the problem of radiation therapy of the 
pelvis for cervical carcinomas. The effects on dose 
distribution of variations in radiation energies and 
external beam delivery techniques are considered. 


THEORETICAL Basis 
The probabilities of both tumour control and 
radiation-related complications are a function of 





*Present address: Tufts New England Medical Center, 
Department of Therapeutic Radiology, Boston, Mass. 02111. 


dose, time, volume, histological and radiobiological 
factors. If established time-dose relationships are 
maintained, radiation treatment volume may be the 
limiting variable in determining the therapeutic 
ratio. Clinicians have long known that a relationship 
exists between dose and volume and the incidence of 
radiation complications and have employed general 
guidelines for limiting dose and field size in clinical 
practice. 

There is experimental evidence that radiation 
effects for a given dose are volume dependent. Allen 
and Freed (1956) and Von Essen (1960, 1963) 
established the relationship between radiation 
necrosis and treatment field size for skin cancer. 
Shukovsky and Fletcher (1973) analyzed complica- 
tions due to necrosis in the treatment of head and 
neck tumours, observing a relationship between field 
size and incidence of complications. Stockbine et al., 
(1970) reported the results of external beam therapy 
to the whole pelvis with doses greater than 3000 rad 
for pelvic cancer and observed a high complication 
rate. Allt (1969) compared the results of pelvic 
irradiation for carcinoma of the cervix with ®°Co and 
22 MeV betatron, observing an improved survival 
and fewer complications in the treated patients with 
the betatron. He suggested that the difference was 
the result of delivering radiation more effectively to 
the tumour volume with the betatron. Although 
these examples provide supporting evidence for a 
dependence of radiation complications on treated 
volume, the exact nature of the relationship is 
unknown. 

The dependence of complication incidence on 
dose is better established. Although actual clinical 
data are limited, a Holthusen type of dose response 
relationship is believed to exist (Strandquist, 1944; 
Fletcher and Shukovsky, 1975). It is reasonable to 
assume a sigmoid curve for the available data on 
complication probability versus dose. 

A concept which may relate complication prob- 
ability to dose and volume is that of integral dose. 
Although the use of tissue-specific integral doses has 
not been adequately investigated, correlation with 
clinical experience has generally been unsatisfactory 
(Mayneord, 1942; Johns and Cunningham, 1969; 
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Johns, 1976). We propose to use a variation of the 
integral dose concept to formulate a quantitative 
basis for selection of radiation treatment plans. 

The method can be applied to treatment plans 
which have equal probabilities of tumour steriliza- 
tion, by meeting boundary conditions such as mini- 
mum tumour dose, degree of inhomogeneity and 
maximum doses to critical structures. Such plans 
generally demonstrate differences in the volume of 
normal tissue irradiated to a high dose and this is 
assumed to relate to differences in radiation-related 
complications. As a first approximation, a linear 
dependence is assumed relating complications to 
volume of normal tissue irradiated, if the doses vary 
over a limited range and volume increments are 
small. Clinical data can be used to fit a Holthusen 
type of curve for complication probability as a 
function of dose. A complication probability factor 
(CPF) can then be calculated, and the plan with the 
smallest probability of producing complications for 
given probability of cure is selected as the “best” 
plan. 


SAMPLE SOLUTION 
Several conventional plans for treatment of carci- 
noma of the uterine cervix have been selected to 
demonstrate the utility of this method. Clinical 
data are available to provide estimates for some of 
the parameters under consideration, including 
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control rates, complication rates and tumour vol- 
ume. 

The following assumptions are made in the 
analysis: 
1. The tumour volume is defined on an anatomical 
basis. Parallel opposed anterior-posterior (AP-PA), 
rotational and four-field (box) treatment techniques 
each achieve the same probability of tumour steriliz- 
ation if a given minimum tumour dose (TD) is 
achieved. 
2. Tumour dose inhomogeneity is limited to 15°, 
above the specified TD minimum. 
3. The effect of radium is not included in the analy- 
sis. Assuming a fixed type of application, the dose 
contribution of radium is relatively constant for each 
plan. If there are significant differences in the appli- 
cation of radium, a method of mixing external beam 
and radium contributions should be used. 
4. Normal tissue outside the tumour volume is con- 
sidered the basis for minimizing radiation-related 
complications. The pelvic and lower abdominal 
contents are considered to be of a uniform composi- 
tion from the standpoint of complication probability. 
5. “Matrix” tissue (normal tissue within the tumour 
volume) is not significant in differentiating between 
radiation-related complications, since all plans treat 
it to a similar dose. 
6. Complication probability obeys a sigmoid depen- 
dence on dose and is linearly dependent on volume. 
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Fic. t. 
Representative plans for parallel opposed, 360 deg rotation and four-field treatment techniques. 


371 


VoL. 51, No. 605 


A. Dritschilo, Y. T. Chaffey, W. D. Bloomer and A. Marck 








~ 4 Parallel Opposed 
i e Rotation | 
E 3000- © Four-field | 
S l 
M i | 
N 2000- : | 
ONE | 
e 1000 | 
X i 
100 90 80 70 60 50 


% PRESCRIBED DOSE 


Fic. 2. 


Estimated volume achieving a minimum percentage of the 
prescribed dose for 8 MV as influenced by treatment plan 
variations. 


7. The therapy equipment of various energies is 
assumed capable of 360 deg rotation about an 
isocentre. 

With these assumptions, the complication proba- 
bility factor (CPF) can be defined as: 


1.0 
CPF = S Ppi (Voi) 
i=0 


where Pp, is the probability of complications at a 
specified dose level Di (Fig. 4) and Vp; is the volume 
of normal tissue receiving dose Di (Figs. 2, 3). Exact 
data for the dose-response curves are not necessary, 
since only relative complication probabilities are 
determined for a given anatomical location. From 
such considerations, the treatment plan with the 
smallest calculated CPF would be the plan least 
likely to produce radiation-related complications 
when other boundary conditions are met. 

An idealized patient contour was used in the calcu- 
lations. An anterior to posterior separation of 21 cm 
was assumed and a cylindrical tumour volume of 
1000 cm? was selected as the volume at risk for 
carcinoma of the cervix. Àn Artronix PC-12 com- 
puter was used to simulate three radiation treatment 
plans: parallel opposed fields (AP-PA), 360 deg. 
rotational, and four-field (box) treatment techniques 
as illustrated in Fig. 1. Other treatment techniques 
such as lateral arcs and double isocentric rotations 
have not been considered in this analysis. 

Dose distributions were calculated for 15x 15 cm 
anterior and posterior static and rotational fields and 
9x15 cm lateral fields. In addition, plans were 
calculated for the maximum inhomogeneity within 
the tumour volume for each of the techniques. Beam 
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Estimated volume achieving a minimum percentage of the 
prescribed dose for the four-field plan as influenced by 
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The probability of radiation-related injury to the gastro- 
intestinal tract. The line approximated from data by 
Friedman (1952). The broken line is an extrapolation. 


energies of 4, 8, 22, and 45 MV were selected. Depth 
dose distributions for the 4 and 8 MV beams were 
based on linear accelerator data and the distributions 
for the 22 and 45 MV beams on betatron data. 
Isodose contours were normalized to 100% for 
the minimum tumour dose and inhomogeneity 
within the tumour volume was limited to a maximum 
of 15%. Using a polar planimeter, direct area 
readings were obtained from the isodose contours 
and formed the basis for estimates of volumes 
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TABLEI 


COMPLICATION PROBABILITY FACTORS (CPF) AS A FUNCTION OF 
ENERGY AND TYPE OF PLAN 

















CPF values 
Parallel 360 deg 
Energy opposed rotation Four-field 
| 4MV-— 839 60 | 44 
8 MV 857 567 319 
22 MV 649 416 286 
45 MV 793 554 355 
L 





achieving the indicated dose levels. These volumes 
are plotted against percent of prescribed dose in 
Figs. 2 and 3 to illustrate the effects of plan selection 
and beam energy. 

Figure 4 is an adaptation of data for the incidence 
of various radiation complications of the gastro- 
intestinal tract as a function of dose (Friedman, 
(1952). We have elected to use a point-to-point 
relationship, although a straight line approximation 
might be satisfactory within our limits of knowledge. 
These data were used to estimate incremental 
volume contributions to the complication probability 
in the calculation of CPF values for each plan as 
shown in Table I. The greatest differences in CPF 
values are observed when radiation treatment tech- 
niques are varied, the box technique offering the 
minimum volume of normal tissue irradiated to a 
high dose. The effect of varying radiation energy is 
less significant for the plans and energy ranges 
considered. 


DISCUSSION 

While many tumours can be effectively treated 
with radiation therapy as presently practised, there 
remain many areas of the body where the achieve- 
ment of tumouricidal dose levels is difficult, if not 
impossible, because of limitations in the tolerance 
of normal tissues. This is particularly true of 
tumours lying within the abdominal cavity or retro- 
peritoneal area where the tolerance of normal bowel 
and kidney limits the dose that can be delivered to 
the region. 

With the advent of newer diagnostic techniques 
which permit more precise localizations of tumours, 
including irregular three-dimensional volumes, it 
becomes feasible to consider methods for delivering 
a tumouricidal radiation dose to these defined 
volumes while greatly limiting the dose to the 
surrounding tissue. The proposed method of plan 
selection postulates that the probability of radiation- 
induced complications is related to the volume of 


normal tissue irradiated to a high dose. This is then 
used as a basis for selection of the "best" treatment 
plan as the one with the smallest complication 
probability factor. 

'The analysis of external beam treatment of the 
pelvis for carcinoma of the cervix illustrates the 
relative simplicity of this technique. Marked CPF 
differences occur with the three selected treatment 
techniques; however, less variation is observed with 
beam energy. This analysis suggests that complex 
radiation delivery plans may offer a substantial 
improvement in dose distributions, while higher 
beam energies are relatively less advantageous. We 
realize that the evidence for a linear relationship 
between irradiated volume and complication prob- 
ability is inferential; it may have to be modified as 
more information becomes available. The method 
described is a general technique for quantitatively 
relating volume in irradiated tissue. It allows more 
precise evaluation of treatment plans and when 
correlated with clinical outcomes should permit 
more exact definition of the functional relationship 
between volume irradiated, dose delivered, and risk 
of complications. We realize that a weighted dose- 
volume is probably not the only variable of import- 
ance in determining the complication risk and 
suggest using this as a starting point for identifying 
other clinically relevant parameters. 

The proposed method of analysis offers an index 
for comparison of treatment plans that is simple in 
application and readily adaptable by most centres. 
The basis for analysis offers a broad application in 
comparing various conventional treatment plans. 
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Book reviews 


Technology and interpretation of nuclear medicine procedures. 
By D. Bruce Sodee and Paul J. Early, pp. 520, 831 illus., 
2nd edn., 1975 (Henry Kimpton Publishers, London), 
£ 14-60. 

This is the second edition of a volume designed to be 
used in conjunction with another, entitled Textbook of 
Nuclear Medicine Technology. While the latter provides 
relevant background reading and additional information, 
this volume is intended to guide and complement practical 
work during training, and can well be used on its own. 
"Together the textbooks provide an introduction to the 
background and practice of Nuclear Medicine for either 
clinical or technical practitioners. Both volumes are divided 
into two parts dealing with (so called) “Nuclear Science" 
and "Clinical Nuclear Medicine”. 

The "Nuclear Science" section of this volume is based on 
teaching exercises developed over many vears at the 
Nuclear Medicine Institute, Cleveland, Ohio and used in 
the training of technologists. It is written as a laboratory 
manual. Brief statements of the purpose of each particular 
exercise are followed, often on a split page, by sections 
on the apparatus and materials required, step-by-step in- 
structions, data treatment and problems; helpful remarks 
are confined to the other half of the page. This allows the 
teaching points to be emphasised, while maintaining the 
clarity of practical procedures. Exercises cover the funda- 
mentals of instrumentation, radiochemistry and health 
physics. As examples, detailed prescriptions are provided 
for the setting up of a scintillation counter, checking the 
performance of a gamma camera, preparing doses, de- 
contamination and procedures at the patient's bedside. 
Notably absent is practice with liquid scintillation counting. 

The “Clinical Nuclear Medicine" section is intended to 
provide guidelines for the technical application and the 
interpretation of current routine procedures. It is directed 
additionally at the clinician in training. Often again employ- 
ing the split-page technique, a wide range of tests are 
described such as, for example, im vitro thyroid tests, 
absorption and clearance studies, radioimmunassay, dy- 
namic and static organ imaging. Clinical indications for the 
tests are given, and in addition detailed procedures, in- 
cluding where necessary preparation of the radiopharma- 
ceuticals, together with illustrations and possible interpre- 
tations of the results. 

While many centres will have established different 
protocols, fashions change and interpretations alter with 


increasing experience; it is still useful to have accounts of 
sufficiently detailed methods for comparison. This carefully 
edited and well illustrated volume can be highly recom- 
mended as a reference for those starting their careers in the 
field. It may even be useful to those established prac- 
titioners with less expertise than is brought together here, 

M. F. CorrgAaLL. 


Clinical Radiobiology. By W. Duncan and A. H. W. Nias, 
pp. 221, 1977 (Edinburgh; Churchill Livingstone), £9-50. 

'This 220-page hard backed book is written expressly to 
cover the syllabus of the Part 1 F.R.C.R. examination in 
radiobiology. It is thus directed towards the voung radio- 
therapist and, as such, is pitched at a practical clinical level. 
The fifteen chapters cover the standard radiobiological 
approaches to the cell cycle, survival curves, recovery from 
radiation damage and the early and late effects of irradiation. 
References are appended to each chapter and a list of sug- 
gestions for further reading. 

The most impressive aspect of this book is how closely the 
authors stick to their brief. Although the reader is given a 
broad background to each subject, no more than the 
standard teaching is included and Professor Duncan and Dr. 
Nias avoid the pitfall of expounding in great detail recent 
advances or controversial issues. The format of the book is 
extremely pleasing. The type face is clear and subheadings 
break up chapters. The clear line drawings are excellent 
although they can never replace for the radiotherapist the 
familiarity of a clinical illustration or X ray. 

Although I am not quite sure of the relevance of radio- 
biology to the modern radiotherapist, it seems proper that 
he should be able to attempt an explanation for his clinical 
findings on a basis of cell kinetics. 

Although it has competitors, this book deserves a place as 
one of the standard text books for the F.R.C.R. I find the 
exclusion of cytotoxic chemotherapy and its interaction with 
radiotherapy on normal tumour cell kinetics disappointing. 
If radiobiology is to have continued clinical impact, it must 
become less compartmentalized and become less of a sub- 
ject and more of an approach. 'The opportunity to include a 
chapter on statistics may also have helped the radiotherapist. 

MARGARET E. SPITTLE, 
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On the nature and significance of the radiation outside the 


beam in neutron therapy 
By D. K. Bewley, Ph.D., and B. C. Page, M.Inst.P. 
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(Received September, 1977) 


ABSTRACT 

Measurements have been made of beam profiles at 10 cm 
deep for the neutron beam of mean energy 7.5 MeV pro- 
duced by the MRC cyclotron at Hammersmith Hospital. 
Neutron and y-ray doses in water were measured with a 
tissue-equivalent chamber and a Geiger-Müller counter. 
Far outside the beam the radiation consists mostly of y rays 
penetrating the shielding. Perfect shielding would reduce 
this but the profile of biologically effective dose would still 
be worse than that from conventional X- and y-ray gener- 
ators owing to the high RBE of small doses of neutrons. The 
main hazard to the patient is probably that of carcinogenesis, 
An approximate assessment is made of this hazard which is 
compared with that estimated in previous publications. 


Shielding and collimation of neutron generators is 
more difficult than is the case with X- or y-ray 
machines. The conventional criterion used in the 
design of the latter is that the radiation penetrating 
the shielding should not exceed 0.19; of the inten- 
sity in the useful beam; for practical reasons it has 
been necessary to accept higher levels for neutron 
generators. The purpose of the present paper is to 
characterize the radiation absorbed by regions of the 
patient outside the therapeutic beam during neutron 
treatment at Hammersmith Hospital, to assess 
whether this radiation could be sensibly reduced, 
and to estimate the hazard associated with it. 


MEASUREMENT OF THE STRAY RADIATION AND 
ASSESSMENT FOR PERFECT SHIELDING 

As a guide to the dose-distribution at a depth in 
the patient we have made measurements of beam 
profiles at a depth of 10 cm in a water phantom. We 
made these measurements with two field sizes 
(9.5x 9.5 cm and 21x21 cm) and with the dia- 
phragms closed. By subtracting the latter, the com- 
ponent of the radiation due to scattering within the 
irradiated volume can be estimated; this would be 
unaffected by any improvement in shielding and 
represents the minimum quantity of stray radiation 
which would occur if the shielding were perfect. The 
water phantom was a tank 30 cm thick with its front 
surface at the normal position of the patient's skin 
during neutron therapy, namely 120 cm from the 
target. Details of the set-up and monitoring have 
been given by Bewley and Parnell (1969). 

'The total dose (Da -- D,) was measured with a 1 
cm? tissue-equivalent (TE) chamber filled with TE 


gas, using both polarities. The difference between 
readings with different polarities was small on the 
axis but rose to 3094 at 60 cm away. The dose due to 
y rays, D,, was measured with an energy-compen- 
sated Geiger-Müller counter (Type MX 163) sur- 
rounded by at least 1 mm of ®Li metal. The neutron 
sensitivity of the counter was assumed to be zero. 
The partial dose of neutrons, Dy, was obtained by 
subtraction. Some indication of neutron spectrum * 
was obtained by exposing various activation and 
fission detectors. 

The profiles could be presented in various ways. 
In Figs. 1 and 2 they are normalized to D — 100% at 
10 cm deep on the beam axis. This form of presenta- 
tion shows at once the dose off the axis for a given 
dose delivered to a model tumour at 10 cm deep. The 
measured profiles of Dn and D, are given in Fig. 1, 
together with profiles measured with the diaphragms 
closed (a solid wooden plug was inserted in place of 
the usual collimator). In this case the profile is 
shown as a percent of the central neutron dose at 10 
cm deep with the 9.59.5 cm field. The diagram 
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Profiles of neutron- and y-ray dose (Da and Dy) at 10 cm 

deep to a 9,5 x 9.5 cm and a 21 x 21 cm field and with the 

diaphragms closed (Ds' and Dy}. The neutron dose on the 

beam axis is normalized to 10095; the doses with the closed 

diaphragms are normalized to 100% neutron dose for the 
9.5 x 9.5 cm field. 
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Profiles of neutron- and y-ray dose for perfect shielding, ob- 
tained from the data in Fig. 1. 


shows that at large distances from the axis D, ex- 
ceeds D, and that the radiation at these distances, 
both neutron and y, is mostly due to penetration of 
the shielding. The reason why the curves for the two 
field sizes cross is that each is referred to Dn —1009/ 
on the axis, the percentage depth dose and back- 
scatter factors for the two fields being different. The 
curves would not cross if both were referred to a 
given neutron output from the target. 

Figure 2 shows the effect of subtracting the radi- 
ation with the diaphragms closed. At large distances 
from the axis the values of Dy are uncertain because 
they were derived by a triple subtraction. First, for 
each field size D, was subtracted from (Dy-- D,) and 
the same was done for the closed diaphragms. Then 
Dha for the closed diaphragms (Djy’ in Fig. 1) was 
subtracted from Dn for each field. In each case the 
residue was less than half the sum. Only one sub- 
traction (the last) was needed for D,. After a fairly 
sharp initial fall, D, can be seen to decrease expo- 
nentially. Dy seems to be decreasing less rapidly at 
large distances but the points at 50 and 60 cm are 
very uncertain as noted above. At large distances 
from the beam edge D, exceeds Dn for the 21 x 21 
cm field but not for the 9.5 «9.5 cm field. The re- 
duction in stray radiation given by perfect shielding 
would be considerable at large distances from the 
beam axis: for example, at 50 cm from the axis of 
the 9.5 x 9.5 cm field the measured percentage values 
of Dy and D, were (0.5 and 0.7 respectively, com- 
pared with 0.08 and 0.06 for perfect shielding. 

Figure 3 shows the profiles for the 9.59.5 cm 
field measured with various activation and fission 
detectors. As the threshold energy of the detector 
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Profiles at 10 cm deep to a 9.5 x 9.5 cm field measured with 

various activation and fission detectors. The approximate 

threshold energies of the detectors are given alongside the 
curves. 


rises the profile becomes sharper, showing that the 
mean neutron energy outside the beam is consider- 
ably lower than inside. An Np fission counter (effec- 
tive threshold about 0.3 MeV) gave a profile very 
close to that of the reaction !?In(n,n')!!5Inm, A 
practical consequence is that In and Np are good 
detectors for estimating relative neutron doses re- 
ceived by patients during neutron therapy. 


Biologically effective profile 

To estimate the biological effect of this stray radi- 
ation one needs some method of combining the 
neutron- and y-ray components. The RBE of 
neutrons relative to y radiation depends on the 
biological end-point chosen, the neutron energy and 
the dose per fraction delivered. The most accurate 
and comprehensive information we have is for skin 
where RBE values have been measured over a range 
of neutron doses from more than 1000 rad down to 
70 rad. When extrapolated to lower doses this line 
agrees reasonably with estimates of RBE for carcino- 
genesis and life-shortening in mammals (Fig. 5 and 
discussion in next section). We have therefore used it 
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Profiles of total dose (Dn+ 

(RDy+ Dy) at 10 cm deep to a 9.5 x 9.5 cm field, R is taken 

from the line in Fig. 5. Measured profiles for 220 kV X rays 
and 9" Co y rays are included for comparison. 


- Dy) and ‘effective? dose 


as a guide for combining the neutron- and y-ray 

components. The standard neutron tumour-dose per 
fraction during the radiotherapy is 130 rad so we 
have used this to set the RBE for the 10094 point on 
the axis. 

Figure 4 shows the profiles of "effective dose" 
(RD,4-D y) where R is the RBE, estimated in this 
way for the 9.5 x 9.5 cm field, together with other in- 
formation for comparison. Outside the beam the 
mean neutron energy is lower, as indicated by Fig. 
3, so the RBE of the neutron component outside the 
beam is likely to be greater than that of the neutrons 
in the beam. No allowance has been made for this in 
Fig. 4. The profiles for 220 kV X rays and 6°Co y 
rays were measured with similar field sizes and are 
reproduced from Bewley and Parnell (1969). Note 
however that the 1009/4 value is now at 10 cm deep 
instead of on the surface. The ideal profile of total 
dose, (Dn+D,), is not very different from that of the 
99Co » rays, "showing that. equivalent profiles of 
absorbed dose are possible with adequate shielding. 
The actual profile of total absorbed dose does not, 
however, fall below 195. When the RBE factor is 
applied, the profiles of "effective dose" lie consider- 
ably higher, the actual "effective dose" never falling 
below 2.594. The levels of stray radiation are con- 
siderably higher than those shown in Figs. 4 and 5 of 
Bewley and Parnell (1969). This is partly because of 
the shift of the 10095 point noted above (a factor of 
about two), partly to the fact that the techniques 
used previously were insensitive to low energy 
neutrons, and partly to the use of RBE values much 





RBE of fast neutrons for carcinogenesis and skin reactions. 
'The line for skin reactions refers to measurements made with 
the neutron beam at Hammersmith on mice (M), rats (R), 
pigs (P) and humans (H). 'The points M are for induction of 
mouse mammary carcinomas in rats with fission neutrons 
(Vogel and Zaldivar, 1972; Vogel, 1974). 'The dotted line, 
above 10 rad is for leukaemogenesis in survivors of the 
bombs at Hiroshima and Nagasaki (Rossi and Kellerer, 1974) 
and below 10 rad for induction of mammary carcinomas in 
mice (Shellabarger et al, 1974). &—Non-specific life- 
shortening in mice after irradiation with y rays or fission 
neutrons, mean of both sexes (Ainsworth et al., 1976). 
Range of values for induction of mammary carcinoma in 
mice with cyclotron neutrons at Hammersmith Hospital. 


greater than the value of three used previously. For 
example, at 60 cm from the axis Dn is 0.5% and the 
assumed value of RBE is 18. 


EsriMATION OF HAZARD 

The principal hazard to the patient arising from 
stray radiation is probably carcinogenesis. There has 
been no indication that patients have suffered any 
untoward depression of haemopoiesis. The RBE of 
neutrons for killing of bone-marrow cells is lower 
than that for other end-points in vivo; the profiles of 
"effective dose" in Fig. 4 are therefore likely to be 
overestimates for immediate effects on the bone 
marrow. The RBE of neutrons for killing and trans- 
formation of circulating lymphocytes has also been 
found to be low, in the range 1-2.5 (Hedges and 
Hornsey, 1978). 

Data of the RBE of neutrons for carcinogenesis 
are scanty. Many reported experiments did not in- 
clude sufficient variation in the dose levels of neu- 
trons and y rays for a satisfactory estimate of RBE 
to be made. Others used doses that were too big for 
the present purpose. Figure 5 summarizes what little 
could be found. The points C represent a range of 
preliminary values of RBE of the Hammersmith 
neutron beam for reduction in latent period before 
the appearance of mammary neoplasms in C3H mice 
carrying the milk factor. Experiments are currently 
in progress to extend these observations to lower 
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dose levels; the work will be fully reported later 
(Hornsey, to be published). Most of the RBE values 
for carcinogenesis lie within a factor of two of the 
extrapolated line describing RBE values for acute 
skin reactions. The experimental results were ob- 
tained with lower energy neutrons for which the 
RBE might be expected to be somewhat larger. The 
neutrons outside the therapeutic beam are also of 
lower energy than those within the beam. For cal- 
culating the carcinogenic effect of these neutrons we 
have used twice the RBE obtained by extrapolating 
the line for acute skin reactions. This is clearly a 
gross simplification. It ignores variations of RBE for 





30 


Fic. 6. 


Model of the human body for calculation of the carcinogenic 
risk. The model is 20 cm thick, arms and legs are excluded. 
‘Two alternative positions of an applied field are shown. 


induction of different types of tumour and the effects 
of fractionation (Fry, 1976), but we believe that the 
resulting values of RBE are not likely to be much too 
small. 

In estimating the hazard attached to these "effec- 
tive doses" we need a relationship between dose of 
photons and incidence of carcinogenesis. It is con- 
ventional to assume a linear relationship at low 
doses. However, if RBE varies with dose in the way 
indicated by Fig. 5, the incidence of carcinogenesis 
cannot be linear for both types of radiation. For 
neutrons the incidence would have to vary with a 
fractional power of the dose. The problem of dose 
effect relationships for carcinogenesis is an extremely 
complicated one (Fry, 1976; Brown, 1976); for the 
present purposes a linear relationship for photons 
must suffice, At higher doses the incidence of car- 
cinogenesis is generally found to reach a plateau and 
then decline. 

À recent analysis by Smith and Doll (1976) of the 
incidence of malignant disease in women treated by 
radiotherapy for uterine bleeding is perhaps the 
most relevant for the present purpose. They found 
no increased incidence for the first five years after 
treatment. At later times they estimated the risk of 
leukaemia at 1.1 per 109 women-year-rad, with an 
additional risk four times as great from other malig- 
nancies. Accordingly we have calculated the risk per 
patient per year, H, as 


| 5.5 x 10-6 


p | (RD, +D,)aV, 


V being the volume of the patient. 

In performing this integration we have used a 
simplified model of a patient, as shown in Fig. 6, with 
a 10x 10 cm field applied to the face or the trunk. The 
model has no arms or legs because few malignancies 
arise in the limbs. The trunk, head and neck were 
taken as 20 cm thick. The dose at the centre of the 
field, at 10 cm deep, was taken as 1560 rad n+-125 
rad y, given in 12 equal fractions. The profiles of 
Figs. 1-4 were assumed to represent average values 


TABLE I 


ESTIMATE OF RISK OF NEW MALIGNANCY RESULTING FROM 
A FULL COURSE OF NEUTRON THERAPY. UNIT IS RISK PER 
YEAR X 10-7, AFTER THE FIRST FIVE YEARS. 

















Beam 
Position of field Actual Ideal 
Head 41 3.1 
Trunk 5.4 4.6 
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at all depths. 'The RBE values of Fig. 5 were multi- 
plied by two to allow for a possible underestimate of 
RBE of the relatively lower energy neutrons outside 
the main beam. The volume inside the 10x10 cm 
field was not included in the calculation because new 
primaries seldom develop in the volume given a 
curative dose of radiotherapy, corresponding to the 
reduced incidence of carcinogenesis with high doses 
noted above. The result of this calculation is given in 


Table I. 


DISCUSSION AND CONCLUSION 
The measured profiles (Fig. 1) show that far 
outside the beam more than half of the dose due to 
stray radiation arises from y rays. Thus, at 50 cm 
from the axis of the 9.59.5 cm field, D. --0.007, 


dose on the axis. With the 21 x 21 cm field D, is 
about twice Dn. Measurement of total dose alone, 
(Da--D,) would seriously overestimate the im- 
portance of the stray radiation. 

Far outside the beam most of the radiation is due 
to penetration of the shielding rather than scattering. 
'The neutron doses arising from the two mechan- 
sisms are equal at 20-25 cm from the beam edge. 
With perfect shielding the reduction in dose ortho- 
gonally to the beam axis would become approxi- 
mately exponential at some distance outside the 
beam edge (Fig. 2), but estimation of neutron dose 
far from the beam is uncertain owing to the triple 
subtraction required. Perfect shielding would re- 
duce the radiation levels by factors of more than five 
beyond 60 cm from the beam axis. 

'The neutron component outside the beam has a 
lower mean energy than inside the field (Fig. 3). 
When activation or fission detectors are used to 
estimate the neutron dose care must be taken to 
choose a detector whose response-function is a 
reasonable match to the tissue kerma as a function of 
neutron energy. 

With perfect shielding the total dose (Dy-- D,)) 
would decrease in a manner comparable to the stray 
radiation from a 99Co therapy machine (Fig. 5). But 
when allowance is made for the RBE of the neutron 
component and for the fact that RBE usually rises as 
the dose falls, the effective level of stray radiation 
would greatly exceed that of the radiation from a 
69Co machine. When the RBE relation of Fig. 5 is 
used, the effective dose with perfect shielding would 
exceed that from 99Co by a factor of ten at 50 cm 
from the beam axis. The effective dose with the 
shielding actually used is larger again by a factor of 
four. 

The RBE of fast neutrons depends on the bio- 


logical material, the end-point under consideration 
and the dose and energy of the neutrons. The RBE 
for haemopoietic cells is relatively low and depres- 
sion of the haemopoietic system has not been a 
problem in our use of neutron therapy. The main 
hazard to the patient arising from stray radiation is 
probably the risk of inducing a new malignancy. The 
biggest single uncertainty in estimating this hazard 
lies in the appropriate value of RBE to be used. 
There is considerable evidence that RBE for carcino- 
genesis may be large at low doses, in the range 10- 
100; the extrapolated relation between dose per 
fraction and RBE for acute skin reactions seems to 
give a reasonable estimate. 

The analysis of Smith and Doll (1976) was used 
to estimate the risk when the neutron doses had been 
converted to effective doses of X or y rays. Their 
estimate of 5.5x 10-8 per rad per patient-year is" 
not dissimilar from that of the BEIR committee 
based on the populations of Hiroshima and Naga- 
saki (National Academy of Science, 1972). Our 
estimates of the risk to the patient is 3 to 6 x 10-? per 
patient-year after the first five years. If neutron 
therapy offers a substantially better chance of con- 
trolling the disease than other methods of treatment 
this does not seem an excessive price to pay, par- 
ticularly in older patients. The uncertainty in the 
estimate is big, perhaps as large as a factor of ten 
either way. It arises mainly from lack of knowedge of 
the carcinogenic effect of small fractionated doses of 
neutrons. Uncertainties in the measurement of dose- 
distributions are smaller. Use of perfect shielding 
would reduce the risk by only 25%. This is because 
improved shielding would exert its greatest effect far 
from the beam where the dose is small anyway; the 
main contribution to the risk as calculated by the 
method used here is the volume outside but close to 
the edge of the beam. This is also the reason why 
the fields on the head and trunk carry similar risks. 
Inclusion of the volume within the beam would in- 
crease the estimate of risk by 50°%,. 

Previous estimates of the hazard to the patient 
from stray radiation during neutron therapy have 
been made by Parnell and Kelsey (1972) and Geraci 
et al. (1975). These were based on more limited data, 
particularly with regard to division of the stray radi- 
ation into its component parts of neutrons and y rays. 
For a survival time of 30 years after treatment the 
estimates of risk are: Parnell and Kelsey 0.03 
(RBE —16), Geraci et al. 0.18 (RBE ==36), this work 
0.12. All estimates of this kind should however be 
regarded as extremely dubious. The risk of carcino- 
genesis following irradiation depends on many fac- 
tors in addition to the radiation dose, for example the 
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age of the patient at exposure (Smith and Doll 1976, 
Table VIT). Also patients with cancer may be more 
liable to develop a second primary regardless of the 
treatment given to the first. 
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Book reviews 


Medical radiation exposure of pregnant and potentially preg- 
nant women. NCRP Report No. 54 pp. 27, 1977. (NCRP 
Publications, Washington), $4.00. 

"This is a valuable report, and each X-ray department (or at 
least each RPA and RSQ) should have one and use it. The 
hazards are surveved as quantitatively as may be in the 
circumstances, and also the factors on which postponement 
of a radiological examination, or an abortion, would have to 
be based. It is emphasised that in the one or two weeks after 
conception the hazard to be considered is that of un- 
detectable spontaneous abortion, which is of much less 
importance than the malformations that could result from 
irradiation during major organogenesis. 

"The general conclusion is that the number of examin- 
ations which could be postponed without detriment to the 
medical care of the woman and/or any unborn child, and 
which also involve high enough doses to give cause for 
concern, is so small that although what we call the ‘ten-day 
rule" must always be borne in mind, it results in little 
reorganisation in practice, 

One useful feature is Appendix A, containing data to 
enable the dose to an embryo-fetus from a radiographic 
examination to be estimated. There should, however, have 
been an indication of the very approximate nature of any 
dose estimates not based on measurements on the X-ray 
tube concerned. In addition, the English could have been 
improved in such sentences as “The time .. . may also be 
relatively insensitive" (p.6). 

S. B. OsBORN. 


The Adult Postoperative Chest. By Myron Melamed, 
Florencio A. Hipona, Carlos J. Reynes, Walter L. Barker, 
and Santiago Paredes, pp. xviii--578, 1977 (Charles C. 
Thomas, Springfield, IHH., USA), $31.50. 

'To the average diagnostic radiologist the reporting of a 
post-operative chest X ray is a singularly unrewarding task 
for, without a detailed knowledge of the operative procedure, 
radiological interpretation is fraught with hazard and the 
report is of little value to the thoracic surgeon. Apathy is 
thus nurtured by ignorance and furthers a lack of interest on 
both sides. 

This ambitious book attempts to deal with such enforced 
lack of knowledge hy a cohesive approach aimed to dovetail 
surgical manoeuvre into radiological interpretation. The 
four radiological authors are joined by a fifth who is a practis- 
ing thoracic surgeon and the text is therefore authoritative 
and the conclusions practical. The many illustrations are 
well chosen and make their point although reproduction is 
not of the highest quality. 

"The book covers the post-operative appearances following 
both cardiac and pulmonary surgery but, as the title indi- 
cates, operations on children are not included; the scope is 
limited and the value as a comprehensive work is materially 
curtailed. As far as it goes this is a good book and should be 
kept in all X-ray Departments in those hospitals where 
thoracic surgery is carried out. There is a need for a com- 
panion volume (albeit smaller) to cover the appearances of 
the post operative chest in children. 

Basi. STRICKLAND. 
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ABSTRACT 

The radiosensitizing effect of two electron-affinic nitro- 
imidazoles, metronidazole and misonidazole (Ro-07—0582), 
has been tested on a human malignant melanoma grown 
subcutaneously in the athymic mutant nude mouse. A ®°Co 
therapy unit was used for local irradiation of the mice. 
Metronidazole in doses of 750 mg/kg and misonidazole in 
doses of 500 mg/kg were administered intraperitoneally to 
the animals 45 min before exposure to 1250 rad. The time 
necessary for the tumours to regrow to their original sizes 
was compared with that of tumours treated with 1250, 1875 
and 2500 rad without drug. The enhancement ratios were 
found to be 1.2-1.3 and 1.4~-1.5 for metronidazole and 
misonidazole respectively. It is concluded that misonidazole 
is a more efficient hypoxic cell radiosensitizer for this human 
malignant melanoma than metronidazole. The former may 
prove to be of value in human radiotherapy. 


As early as 1955 it was postulated that the presence of 
small proportions of radioresistant hypoxic cells in 
tumours could limit the success of radiotherapy in 
some clinical situations (Thomlinson and Gray, 
1955). Since that time, radiotherapists have tried to 
solve this problem by administration of hyperbaric 
oxygen during irradiation, by use of densely ionizing 
radiation and by development of different irradiation 
regimes to optimize the effect of reoxygenation. 
Some therapeutic improvements have been ob- 
tained, but none of the techniques mentioned above 
have eliminated the clinical problem that the radio- 
resistance of hypoxic tumour cells represents 
(Adams et al., 1976). 

Recently, several electron-affinic chemical com- 
pounds have been shown to be efficient radio- 
sensitizers for hypoxic mammalian cells irradiated 
in vitro (Chapman et al., 1972; Chapman et al., 1973; 
Adams et al., 1971; Asquith et al., 1974.). These 
sensitizers resemble oxygen in their mode of action 
and are not active against well-oxygenated cells 
(Asquith et al., 1974). Unfortunately, most of these 
compounds failed to enhance the radiosensitivity of 
hypoxic cells in vivo. The drugs were either too 
toxic at the concentrations necessary for radiosensi- 
tization, too highly attached to serum proteins or too 
rapidly metabolized (Fowler et al., 1976a). However, 
two compounds, the 5-nitroimidazole metronidazole, 
and the 2-nitroimidazole misonidazole (Ro-07-0582), 
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have toxicological and pharmacological properties in 
man making them promising as clinically useful 
hypoxic cell radiosensitizers (Foster et aL, 1975; 
Gray et al., 1976; Dische et al., 1976; Urtasun et al., 
1977). The radiosensitizing effect of these two 
compounds has been tested in vivo on various" 
murine solid tumours and normal tissues. For single 
exposures to X rays after administration of the drugs 
in doses likely to be tolerated in man, enhancement 
ratios up to 1.3 have been reported for metronidazole 
(Stone and Withers, 1974; Rauth and Kaufman, 
1975), while misonidazole exhibited enhancement 
ratios ranging from 1.1 to 1.6 (Denekamp et al., 
1974). 

The intention of the present work is to investigate 
the radiosensitizing effect of metronidazole and 
misonidazole on a human tumour. For this purpose 
the mutant nude mouse was used as host for a human 
malignant melanoma. 


MATERIALS AND METHODS 
Animals 

The mutant nude mouse (Isaacson and Cattanach, 
1962; Flanagan, 1966; Rygaard, 1973) accepts 
transplanted human neoplastic tissue because of 
recessive thymic aplasia. Several investigations have 
indicated that the response to therapy of human 
tumours grown in this laboratory animal resembles 
that seen in clinical studies of patients (Povlsen and 
Rygaard, 1974; Povisen and Krag Jacobsen, 1975; 
Brustad et al., 1976; Rofstad et al., 1977). 

Young male nu/nu/BALB/c/BOM mice were used 
for the experiments described here. ‘The mice were 
kept in a special room at 27°C with automatically 
regulated 12 hour light and dark periods, under 
conventional but strict conditions. 


Tumour material 

The malignant melanoma (E.E. malignant mela- 
noma) chosen for this investigation was taken from à 
lymph node metastasis in the left axilla of a 62-year- 
old man. Histologically, the tumour tissue was 
composed of melanin-poor atypical nevus-cells, Both 


Vor. 51, No. 605 


E. K. Rofstad and T. Brustad 


celis and nuclei showed a great variation in size and 
shape. Numerous mitoses were seen, 


Radiosensttizers 

Metronidazole (2-methyl-5-nitroimidazole-- 
ethanol) was supplied by Poulenc Ltd., Montreal, 
Canada, while misonidazole (1-(2-nitro-1-imidazolyl) 
-3-methoxy-2-propanol) was obtained as a gift from 
Roche Products Ltd., Hertfordshire, England. 


Inoculation, growth and measurement of tumour size 

Immediately after surgery, the tumour tissue was 
cut into representative cubes approximately 2x 2x 2 
mm in size and inoculated subcutaneously on the 
dorsal surface of the animals. One week after the 
inoculation, the transplants started to grow and the 
mice developed non-invasive tumours histologically 
4ndistinguishable from the original tumour material. 
The tumours consisted of a large central necrosis 
surrounded by an outer shell of vital, proliferating 
cells. The cells lying closest to the necrotic areas are 
probably poorly oxygenated and thus radioresistant. 

Two axes of the tumours were measured with 
calibrated calipers, and the cross-sectional area of the 
tumours, calculated as being elliptical, was used as 
parameter for the tumour size. At the day of irradia- 
tion the cross-sectional areas ranged from 50 to 
100 mm?. Passage seven of the malignant melanoma 
was used for the experiments described here. 


Dosimetry and irradiation procedure 

The irradiation procedure was described in detail 
in a previous article (Rofstad et al., 1977). Only a 
short description is given here. The animals were 
irradiated locally without anaesthesia at a source-skin 
distance of 80 cm by applying one tangential 
radiation field from a 5000 Ci 99Co therapy unit 
(TEM, Mobaltron 80). Acceptable dosimetric con- 
ditions were obtained by partly immersing the 
mouse, placed in a mouseholder, in a water phantom, 
whereby the entire tumour was positioned under 
water and at a distance from the outer surface of the 
phantom wall greater than that corresponding to the 
ionization maximum of the radiation used. Measure- 
ments made with thermoluminescence discs (TLD 
100 LiF ribbon, Harshaw) placed at the ionization 
maximum varied within a few percent of the corres- 
ponding ionization chamber readings of 90 rad/min. 
The variation of dose within each tumour was 
determined to be less than 1095. 


Measurement 
serum 

The radiosensitizers were dissolved in physio- 
logical saline and administered intraperitoneally to 


of radiosensttizer concentrations in 


the animals. Blood was collected from the mice in 
heparinized tubes by heart puncture. A spectro- 
photometric assay similar to that developed for 
metronidazole (Urtasun et al., 1974) was applied for 
both metronidazole and  misonidazole. 2.7 ml 
ethanol was added to 0.3 ml whole blood. The mix- 
tures were allowed to stand for 10 min and were 
then centrifuged at 2500 g for another 10 min, The 
optical density of the supernatant was measured at 
314 and 318 nm for metronidazole and misonidazole 
respectively. 


EXPERIMENTS 

Preliminary clinical trials have indicated that 
quantities of metronidazole from 50 to 100%, higher 
than that of misonidazole will cause the same level 
of toxicity in patients (Fowler e al., 19762). To make 
the studies of the two radiosensitizers comparable, 
animals treated with metronidazole were given 
750 mg/kg bodyweight while those treated with 
misonidazole were given 500 mg/kg bodyweight, 
corresponding to peak serum concentrations of 
approximately 500-600 pg/ml and 400-500 pg/ml 


(Fig. 1). 


750 


500 


Ag per mi 
e 





0 250 500 
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750 1000 1 2 3 4 
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Fic. 1. 


Serum concentration in the mutant nude mouse of (a) 
metronidazole as a function of the amount of sensitizer in- 
Jected i.p. measured 45 min. after injection, (b) metronidazole 
as a function of the time after injection of 750 mg/kg i.p., (c) 
misonidazole as a function of the amount of sensitizer 
injected i.p. measured 45 min. after injection and (d) 
misonidazole as a function of the time after injection of 500 
mg/kg i.p. 
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From Fig. 1 it also appears that the peak serum 
concentration of the two radiosensitizers is reached 
30-60 min. after the injection. It has been reported 
that the concentration of metronidazole in the centre 
of solid tumours reaches that in blood with a lag-time 
of approximately 15 min. (Urtasun et al., 1974). To 
ensure a high concentration of the radiosensitizers 
in the tumours during irradiation, it was decided to 
start the irradiation 45 min. after administration of 
the drugs. 

'lhe effect of the sensitizers were tested for an 
acute radiation dose of 1250 rad. This dose was 
chosen because it was expected to be large enough to 
inactivate a large proportion of the well-oxygenated 
tumour cells and small enough not to inactivate the 
whole tumour even if the radiosensitizers exhibited 
extremely high enhancement ratios. 

The available animals were divided into the fol- 
lowing groups: 

(a) One group receiving 750 mg/kg bodyweight of 
metronidazole 45 min before irradiation with 


1250 rad. 
20 


1.5 


0.5 


RELATIVE TUMOUR CROSS SECTION 
o 





(b) One group receiving 500 mg/kg bodyweight of 
misonidazole 45 min before irradiation with 1250 
rad. 

(c) Four reference groups, one remaining un- 
irradiated, one receiving 1250 rad alone, one 
receiving 1875 rad alone and one receiving 2500 
rad alone. 


RESULTS 

Figure 2 shows the change in tumour size for all 
six groups of animals as a function of the time after 
irradiation. Within each group of animals, the 
response to treatment appeared independent of the 
initial cross-sectional area of the tumours which 
ranged from 50 to 100 mm?. The areas at the day of 
treatment were therefore normalized to unity. From 

Fig. 2 it can be seen: 

(1) For tumours treated with radiation alone, the* 
post treatment delay (i.e. the time from the day of 
treatment to the day the tumours have regrown 
to their original sizes) increases approximately 
linearly with increasing dose (cf. also Fig. 3a). 


Unirradiated 
1250 rad 


( 7animals) 
(9animols) 
Metronidazole + 1250 rad (IOanimols) 


-^- Misonidozole + 1250rad (IG animals) 


-8- 
-0- 
-06— 


{10 animals! 
( 6animals) 


-O- 1875 rad 
—4- 2500rad 


4 5 6 7 8 


TIME (WEEKS) 


Fic. 2. 
Changes in tumour cross sectional area relative to that at the time of irradiation of a human malignant melanoma grown 
subcutaneously in the mutant nude mouse. The vertical bars indicate the standard deviation of the mean. 
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Fic. 3. 
(a) Post treatment delay of the mean tumour size plotted versus dose for a human malignant melanoma grown in the mutant 
nude mouse. (b) Mean post treatment delay plotted versus dose for the same experiment as in (a), The vertical bars in (b) 
indicate the standard deviation of the mean. The symbols M and R are used to indicate the points showing the effect of the 
sensitizers metronidazole and misonidazole (Ro-07—0582) in combination with radiation. The dotted lines show how the 
enhancement ratios of the two radiosensitizers are calculated. 


1250 


(2) The post treatment delay for tumours treated 
with radiosensitizer plus radiation is greater than 
that for tumours treated with the same dose of 
radiation alone. The effect of misonidazole is 
greater than that of metronidazole. 

To determine the enhancement ratios for the two 
sensitizers applied, the post-treatment delays for the 
mean tumour cross-sectional areas, determined 
directly from Fig. 2, are plotted versus irradiation 
dose in Fig. 3a. The post-treatment delay for the 
tumour group irradiated with 1250 rad was deter- 
mined by backward extrapolation of the regrowth 
curve as indicated hy the dotted line in Fig. 2. In 
Fig. 3b the mean of the post treatment delays for 


each tumour is plotted versus dose. The mean post 
treatment delays were calculated from the regrowth 
curves for each individual tumour. These regrowth 
curves are not shown here. For those tumours which 
did not shrink below their initial sizes, the post 
treatment delays were determined as in Fig. 2 for the 
group receiving 1250 rad. The enhancement ratio 
of metronidazole was determined to be 1.2 and 1.3 
from Fig. 3a and 3b respectively. The corresponding 
values for the enhancement ratio of misonidazole 
were found to be 1.5 and 1.4. 

The enhanced post treatment delay found when a 
radiosensitizer is used in combination with 1250 rad 
relative to that for 1250 rad alone, is probably due to 
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enhanced inactivation of hypoxic cells. Since it is 
likely that almost all well-oxygenated cells are in- 
activated after an exposure to 1250 rad, the enhanced 
post treatment delay found when the dose is in- 
creased to 1875 rad may also be due to enhanced 
inactivation of hypoxic cells. From Fig. 2 it can be 
seen that within the first week after treatment the 
tumour sizes in animals treated with radiosensitizer 
plus 1250 rad do not differ from those treated with 
1250 rad alone. On the other hand, the tumours in 
animals receiving 1875 rad, a dose which produces 
the same post treatment delay as 1250 rad in combi- 
nation with misonidazole, are significantly smaller 
than those receiving 1250 rad even at four days after 
treatment. This suggests that the removal of the 
cells inactivated when a hypoxic cell radiosensitizer is 
applied in combination with radiation is not as fast as 
the removal of the cells inactivated by radiation 
alone. The present experiments are inadequate to 
make it possible to explain the reasons for this, but it 
seems not unlikely that the hypoxic cell radio- 
sensitizers make the cells progress more slowly 
through the cell cycle. If this proves correct, then 
the interval is prolonged between the time at which 
the cells are lethally damaged by irradiation and the 
time they reach mitosis, are destroyed and can be 
removed. 

This hypothesis is supported by other details in 
Fig. 2: 

(3) For tumours treated with radiation alone the rate 
of regrowth decreases with increasing dose. 

(4) The rate of regrowth of tumours treated with 
radiosensitizer plus radiation is slower than that of 
tumours treated with a radiation dose which gives 
an equivalent post treatment delay without sensi- 
tizer. This effect is most pronounced for the sensi- 
tizer misonidazole. 

'This also indicates that a calculation of the en- 
hancement ratios based on the time necessary for the 
tumours to grow to a larger size than the initial one 
would have resulted in larger enhancement ratios 
than those determined from the present analysis. 
Because the length of the observation period was 
limited by the time an adequate number of animals 
appeared healthy, this could not be verified experi- 
mentally. Facilities making long-term investigations 
possible with the mutant nude mouse are now being 
procured for this institute. 


DISCUSSION 
In the present investigation the radiosensitizing 
effect of metronidazole and misonidazole has been 
tested on a human malignant melanoma grown in the 


mutant nude mouse. Enhancement ratios of 1.2-1.3 
and 1.4—1.5 have been found respectively after single 
exposures to 1250 rad for these two radiosensitizers. 
'This result indicates that misonidazole is a more 
efficient hypoxic cell radiosensitizer than metroni- 
dazole for human tumours, as has been shown to be 
the case for various animal tumours. 

'The numerical values of sensitizer enhancement 
ratios obtained from im vivo studies depends on the 
fraction of hypoxic cells in the tumour, the experi- 
mental conditions and the method of data analysis. 
Taking this into account, it is evident that the en- 
hancement ratios determined in the present study 
are in full accord with those determined from studies 
of transplantable animal tumours (Denekamp and 
Harris, 1975; Rauth et aL, 1975; Fowler et al, 
19762). 

Preliminary clinical trials have shown that serum 
concentrations up to approximately 300 ug/ml for 
metronidazole (Deutsch et al., 1975; Urtasun et al., 
1975) and 200 pg/ml for misonidazole (Gray et al., 
1976) will be tolerated in patients. In the present 
investigation drug doses corresponding to serum 
concentrations of 500-600 ug/ml for metronidazole 
and 400—500 ug/ml for misonidazole were applied. 
However, even at clinically tolerable serum concen- 
trations of metronidazole and misonidazole, appreci- 
able sensitizer enhancement ratios have been ob- 
tained from studies of transplantable animal tumours 
and normal tissue (Stone and Withers, 1974; 
Denekamp et al., 1974; Rauth and Kaufman, 1975). 
'The high degree of correspondence between the 
response of transplantable murine tumours and 
human tumours grown in the mutant nude mouse to 
radiosensitizers at high serum concentrations indi- 
cate that clinically useful sensitizer enhancement 
ratios also will be observed in human tumours at 
drug concentration below the tolerance level in man, 
at least for the radiosensitizer misonidazole. ‘This has 
also been verified in a small clinical trial carried out 
at Mount Vernon Hospital, England (Thomlinson 
et al., 1976). 

From a clinical point of view, however, the 
hypoxic cell radiosensitizers will be of interest only 
if detectable enhancement ratios can be obtained 
when the drugs are used in combination with clini- 
cally relevant fractionated irradiation regimes. 
Fowler has used the C3H mouse mammary tumour, 
a tumour known to reoxygenate rapidly and exten- 
sively, to compare the effect of several fractionated 
irradiation schedules with and without misonidazole. 
Without sensitizer the effect of the fractionated 
irradiation was variable and was thought to depend 
on the degree of reoxygenation. With sensitizer the 
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results were more uniform and the effect upon the 
tumour larger (Fowler et al., 1976b). 

The clinical usefulness of hypoxic cell radio- 
sensitizers may therefore depend on the extent to 
which human tumours reoxygenate and on the rate 
of reoxygenation. The present investigation has indi- 
cated that this model system (human tumours in 
the mutant nude mouse) is well suited to clarify the 
potential usefulness of these radiosensitizers. Studies 
making use of different tumour types and clinically 
relevant fractionation schedules are therefore now in 
progress at our institute. 
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Preparation of the patient for abdominal ultrasound scanning 
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(Recetved September, 1977) 


ABSTRACT 
The value of dietary restriction and laxatives both separ- 
ately and in combination for the reduction of bowel gas has 
been investigated and compared with unprepared patients. 
No significant difference was found between the results 
from prepared and un-prepared patients, 


'The largest single cause of failure to visualize the 
abdominal organs at ultrasound scanning is the 
presence of excessive quantities of gas within the 
bowel. Many regimes for the reduction of bowel gas 
have been used in radiography, and since we believe 
that both large and small bowel gas may be causing 
difficulty in ultrasound patients, we have investi- 
gated the efficacy of the standard bowel preparation 
used in our hospital for upper abdominal X-ray 
examinations. 


MATERIALS AND METHODS 

The standard preparation consisted of a fluid only 
diet for 24 hours before the examination, combined 
with the administration of two Dulcodos tablets* on 
each of the two evenings before the examination. 
Since the aim of the preparation was to reduce both 
small and large bowel gas, four separate groups of 
preparation were chosen. Group I had no pre- 
paration and acted as controls, Group Il had 24 
hour fluid diet with no laxative, Group HI had 
normal diet plus laxatives and Group IV had 24 
hour fluid diet plus laxatives. 

Two hundred consecutive patients presenting for 
routine liver ultrasound scan after diagnosis of pri- 
mary breast carcinoma were randomly allocated to 
each group by drawing one of 200 marked cards 
from a container, thus giving fifty patients in each 
group. 

The person performing the ultrasound scans had 
no knowledge of the type of preparation given to 
each patient. When all two hundred patients had 
been examined all the films were reviewed by H.M. 
and scored for gas quantity and examination quality. 
The scoring system used was: Gas quantity: small 


1; moderate 2; large 3. Examination quality: good 1; 
average 2; poor 3. 

The type of preparation given to each patient was 
then determined and patients’ results sorted into the 
different preparation groups. The total gas score, 
the total examination quality score and the overall 
total score for each group was determined and the 
number of patients with each individual score was 
also calculated. 


RESULTS AND DISCUSSION 
The scores for quantity of gas can be seen in 
Table I and those for examination quality in Table 
II. 

Perhaps the most important figures are the total 
gas scores for the four groups, 98 +1, thus indicating 
TABLE I 
NUMBER OF PATIENTS WITH EACH GAS SCORE 

































































*Dulcodos® (Boehringer Ingelheim Ltd. Bracknell, Berk- 
shire.) enteric coated tablets, each tablet contains Dulcolax ® 
(bisacody! B.P.) 5 mg, dioctyl sodium sulpho-succinate 
100 mg. 














- 
1 small} 2 moderate | 3 large | ‘Total score | 
No prep. 17 
Laxative 21 
Diet 16 
Both 23 
Totals 77 55 68 
| J 
TABLE H 
NUMBER OF PATIENTS IN EACH EXAMINATION QUALITY 
GROUP 
| pom 
| Gas | 
Total exam | 
1 good | 2 average | 3 poor | scores} score | 
uotis i date ceu Eo. m Serv eet ner ee mcd E TUN ap | 
No prep ~ 2] 19 10 | 89 186 | 
Laxative 19 20 1 92 190 
Diet 3 13 14 91 190 | 
tweens ERIT NS ENAERE WALERIA MEOS ———À 
Both 26 14 10 | 84 181 | 
Totals 89 66 45 | | 
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a surprising consistency in the quantities of bowel 
gas in the patients in the four different groups and a 
complete absence of any detectable beneficial effect 
from either form of preparation. 

In general the examination quality scores mirrored 
those for gas quantity very closely though there was 
a slightly wider variation in the total scores. 

Review of the number of patients achieving each 
score reveals that the largest number of patients in 
any group were those having the full preparation and 
achieving best scores (1) for gas (23 patients) and 
examination quality (26 patients). The effect of this 
may be seen in the slightly better total examination 
quality score (84) for patients receiving both forms 
of preparation but the difference is barely significant. 

We therefore do not feel that the types of pre- 
paration investigated here are of any value in patients 
referred for abdominal ultrasound scan. 


Book review 


Practical atlas of cardiac scintigraphy. Editor in Chief, P. de 
Vernejoul, ilust. colour, 1977 (C. V. Mosby Co., St. Louis), 
$57.50. 

This multi-editor multi-author atlas is unusual. Its text 
has parallel English and French versions and is only 21 pages 
long. The other 90 pages contain some 110 plates on high 
quality art paper, There are many colour reproductions of 
original rectilinear cardiac scans obtained with Thallium 
201 or after intracoronary microsphere injections. The 
black and white presentations of original gamma camera 
dynamic cardiac cavity results are well portrayed. Those 
studies with analogue computer assisted display however 
are less satisfactory. 

À particular and most useful feature of the book is a set of 
loose transparencies which can be set to overlie accurately 
various plates. For example, the serial scintigraphic images of 
a gamma camera study may be set up so that the anatomical 
landmarks and cavity boundaries are demonstrated by the 
transparency. Line drawings also accompany many of the 
images. There is a considerable waste of paper. This allows 
the convenience of having the left hand pages devoted only 
to figure captions and the right hand pages to the illus- 
trations, However, the space under the picture captions 
could well have been devoted to a little clinical history, a 


These findings are in agreement with those of 
Sommer and Filly (1977), though they had only five 
patients in each group and their results were there- 
fore statistically less significant. 

Despite the lack of efficacy of preparation, 155 
patients in this study (77.595) had a satisfactory 
(good or average) examination and this proportion 
has continued unchanged since we discontinued 
preparation of our patients. 

If an efficient regime for gas reduction could be 
discovered we do not feel we would be justified in 
applying it wholesale to all patients and consider that 
it would be better to employ it only on those who 
have an unsatisfactory scan at their first visit, 
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summary of the findings (ECG, enzymes etc.) and a note on 
the benefit if any that the scan contributed to the man- 
agement of the patient. 

The strength of the book lies in its qualities as an atlas of 
the range of normal and abnormal results of scanning the 
heart in all the usual projections, There is a particularly 
helpful section on the individual and combined intra- 
coronary artery injections of !!35In'" transferring micro- 
spheres and 9?*'T'c" albumin microspheres. There is a strong 
section on the classical angioscintigraphic appearances of the 
congenital heart abnormalities and acquired  valvular 
disease. There is however no attempt at quantitation of any 
of the dynamic or static images. This and the emphasis on 
the use of the rectilinear scanner probably reflects. the 
gestation time of the atlas. As a reference manual for the 
radiologist and radiologically orientated cardiologist, it 
succeeds in getting over the meanings of the various 
patchworks of coloured lines and black and white dots that 
make up the images. Both by intent and content it does not 
however meet the need of the practitioner of nuclear 
medicine who desires a physiological approach to the 
measurement of cardiac function with radionuclides. 

K. E. BRITTON 
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Lymphographic opacification of liver and spleen 


By A. Schulman, F.R.C.R., M.R.C.P.,* S. Fataar, M.B., Ch.B., and |. Tidbury, M.B., D.M.R.D., 
F.F.Rad.(D.) (S.A.) 


Departments of Radiology, Groote Schuur Hospital and University of Cape Town, South Africa 


(Received September, 1977) 


Liver opacification after lymphography by the pedal 
route is a rare occurrence and splenic opacification 
has not been previously reported. 


Case REPORT 

A 34-year-old man presented with a three months’ history 
of enlargement of the lymph nodes on the left side of the 
neck. Physical examination was otherwise normal. ‘There 
was no history or physical evidence of alcoholism, liver 
disease or obstructed venous or lymphatic drainage, 

Biopsy of an enlarged node revealed nodular sclerosing 
Hodgkin's disease. Chest radiograph, full blood count, bone 
marrow biopsy and liver function tests were all normal 

Bipedal lymphography was performed, infusing 7 ml of 
ultra-fluid Lipiodol on each side. The initial radiographs 
taken at the end of the infusion showed diffuse opacification 
of both liver and spleen (Fig.1). The pattern of this opacifi- 
cation was typical of the arborization of the blood vascular 
system and at 48 hours it had become more peripheral 





(Fig. 2). No lymphatic channels leading to liver and spleen F " 

were opacified even though the iliac and lumbar lymphatics nian 

were well filled on the initial radiographs Forty-eight hours later, the opacification has become more 
There was evidence of lymphatic obstruction in the upper peripheral. 


lumbar area with reflux of contrast into lymphatics not 
normally filled, lying lateral and anterior to the lateral 
lumbar chains (Fig. 3). Lumbar ducts leading towards the 





* Address for reprints: Department of Radiology, Groote 
Schuur Hospital, Observatory 7925, South Africa. 





Fic, 3. 
Fic. 1 Oblique film at the end of infusion shows reflux into 
At the end of the bipedal infusion, there is already dense lymphatics that are not normally filled (arrows), lying latera 
arborizing opacification in both liver and spleen and anterior to the left lumbar chain 
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cisterna chyli were dilated and one of them still contained a 
little medium at 48 hours. Obstruction was not complete 
however and some contrast flowed into the thoracic duct 
which appeared normal and not dilated. 

Liver opacification was still present, though greatly faded, 
at three months. Following staging laparotomy with splen- 
ectomy two weeks after the lymphogram, the left subphrenic 
opacification abruptly disappeared proving it to have been in 
spleen and not in left lobe of liver. 

The laparotomy revealed macroscopically abnormal 
supraduodenal nodes which on biopsy were shown to be 
infiltrated by nodular sclerosing Hodgkin's disease. The 
excised apleen was also heavily infiltrated, though of normal 
size and weight. The liver was macroscopically normal and 
multiple liver biopsies were clear of lymphoma and cirrhosis. 

There were no findings at operation to suggest any degree 
of portal hypertension or of inferior vena cava obstruction. 

Histology showed vacuoles due to Lipiodol in the excised 
lymph nodes as is normal after lymphography, but also 
revealed such vacuoles in the portal areas of the liver and in 
the spleen. 1t was impossible to determine from microscopy 
exactly which vessels contained the Lipiodol droplets. 


Discussion 

Hepatic opacification via lymphoportal communications 

Post-natally, the entrance of the thoracic duct and 
of the right lymphatic duct into the great veins at the 
root of the neck are the only functioning lympho- 
venous communications. However, when lymphatic 
drainage is blocked and pressure rises, other existing 
lvmphovenous communications open up; these have 
been found in the abdomen, pelvis and lower limbs 
(Threefoot et al., 1963; Yotfey and Courtice, 1970; 
Kinmonth, 1972b). 

Liver opacification by pedal lymphography has 
been recorded in occasional case reports of obstruc- 
tion of the lumbar lymphatic chains. In some of these 
(Perez-Tamayo et aL, 1963; Chavez et al., 1965; 
Bodie and Linton, 1971) there was also obstruction 
of the inferior vena cava or common iliac veins and it 
was thought that the contrast had to pass first of all 
into systemic veins and then, because of the block 
here too, via the haemorrhoidal plexus into the portal 
venous system. However, systemic venous obstruc- 
tion was not present in other cases (Leger et al., 1961; 
Herman et al, 1964; Wallace et al., 1965; Hecht 
et al, 1968; Kinmonth, 1972a; Besson and 
Delaneau, 1972) or in our own. 

There are other considerations also supporting 
liver embolization via direct lymphoportal communi- 
cations: 

(1) if lymphatics had carried the Lipiodol retro- 
gradely to the liver, they should have been 
visualized at some stage because of the slow 
flow even in non-obstructed “antegrade” lym- 
phatics ; 

(2) venous flow is very much faster and one would 
not expect to see opacification of the veins leading 
to the liver because of the very small quantity of 
medium injected; we have for instance never 





visualized the great veins in the upper thorax 
even with good opacification of the thoracic duct 
draining directly into them; 

(3) lympho-arterial communication is clearly im- 
possible because of the much higher arterial 
pressure; 

(4) Chavez et al., (1965) injected Lipiodol into the 
inferior mesenteric vein of dogs and produced 
liver opacification identical to that in our case. 


Splenic opacification by hepatofugal flow due to 

hepatic embolization 

There was no opacification of lymphatics leading 
to the spleen, and in fact the spleen contains hardly 
any lymphatics (Raviola, 1975). The only possible 
route therefore was by retrograde flow in the splenic 
vein, even though it was obvious from the clinical 
and laparotomy findings, and examination of liver 
biopsies and excised spleen, that the patient did not 
suffer from cirrhosis or portal hypertension. 

However the density of the liver embolization 
(Figs. 1 and 2) was much greater than that of the 
pulmonary embolization pattern usually seen after 
lymphography. Yet even in the lungs with their 
much larger vascular bed, the reduced capillary 
volume after lymphography is sufficient to cause a 
clinically significant fall in diffusing capacity (Gold 
et al., 1965; Weg and Harkleroad, 1968; White et al., 
1973) and a rise in pulmonary artery pressure giving 
an increased diameter of the descending pulmonary 
arteries (Weg and Harkleroad, 1968). 

It is not difficult therefore to postulate that the 
massive embolization shown in Figs. 1 and 2 into the 
much smaller hepatic portal bed caused an acute, 
transient rise in portal venous pressure with hepato- 
fugal flow in the splenoportal venous axis. 

Chavez et al., (1965) found Lipiodol thrombi in 
the portal venous radicles after injection into the 
inferior mesenteric vein of dogs, and interpreted the 
concomitant distension of the lymphatics (at 
histology) as being due to the resulting portal hyper- 
tension. 

REFERENCES 

Besson, J. J., and DrLawEav, G., 1972. Hepatographie 
lipodolée au cours d'une lymphographie, Journal de 
Radiologie, d'Electrologie et de Médicine Nucléaire, 53, 
25-28. 

Boots, J. F,, and Linton, D. S., 1971. Hepatic oil emboliza- 
tion as a complication of lymphangiography. Radiology, 
99, 317-318. 

Cuavez, C. M., Berrone, L. G., and Evers, C. G., 1965, 
Hepatic oil embolism after lymphangiography. American 
Journal of Surgery, 110, 456—460. 

Gorn, W. M., Youxer, J., ANDERSON, S., and Napgt, J. A., 
1965. Pulmonary function abnormalities after lymphangi- 
ography. New England Journal of Medicine, 273, 319-523. 

Hecut, H., Berpon, W., and Baker, D., 1968. Hepatic oil 
embolization following lymphangiography in a child with 


390 


May 1978 


Case report 


neuroblastoma. American Journal of Roentgenologv, 104, 
860—864. 

Herman, P. G., Bennrnnorr, D. L., and ScuwanrZ, S., 
1964. A physiologic approach to lymph flow in lympho- 
graphy. American Journal of Roentgenology, 91, 1207— 

Kinmontu, J. W., 1972a. In The Lymphatics, pp. 330-334. 
(Edward Arnold, London) 

1972b. In The Lymphatics, pp. 353-354. 

Lecer, L., Bucuzr, R., Brrry-Bory, C., and Premont, M., 
1961. Introduction a l'etude de la lymphographie 
hépatique. Presse Medicale, 69, 1981-1982. 

Perez-Tamayo, R. THornsury, J. R., and ArkiNsoN, R. J., 
1963. Second-look lymphography. American Journal of 
Roentgenology, 90, 1078-1086, 

RavioLa, E., 1975. In A Textbook of Histology. Eds. Bloom, 
W., and Faweett, D. W., p., 498 (Saunders, Philadelphia), 
10th Edition. 


Tureeroot, S. A., Kent, W. T., Harcuerr, B. F., and 
Tucker, H. A., 1963. Lymphaticovenous and lymphati- 
colymphatic communications demonstrated by plastic 
models of rats and by postmortem lymphography in man. 
Journal of Laboratory and Clinical Medicine, 61, 9-22. 

Wallace, S., Jackson, L., Dopp, G. D., and GnrENING, 
R. R., 1965. Lymphangiographic interpretation. Radiolo- 
gic Clinics of North America, 3, 467—485. 

Wes, J. G., and HanRkLEROAD, L. E., 1968. Aberrations in 
pulmonary function due to lymphangiography. Chest, 53, 
534—540. 

Waite, R. J., Wess, J. A. W., Tucker, A. K., and FOSTER, 
K. M., 1973. Pulmonary function after lymphography. 
British Medical Journal, 4, 775-777. 

Yorrey, J. M., and Courtice, F, C., (1970). Lymphatico- 
venous communications. In Lymphatics, Lymph and the 
Lymphomyeloid Complex, pp.27-32 (Academic Press, 
London and New York). 





Book reviews 


The physical principles of diagnostic radiology. By Perry 
Sprawls, Jr, pp.ix -- 365, illust., 1977 (University Park Press, 
Baltimore), $24.50, £17.50. 

This book gives the physical principles underlying diag- 
nostic radiology and includes a chapter on ultrasound but 
does not cover nuclear medicine. It is based on the training 
programme of the Department of Radiology of the Emory 
University School of Medicine. It covers the theoretical and 
practical production of X rays and their interaction with 
matter. Penetration, scattered radiation and image contrast 
are discussed together with film density control and film 
characteristics. Image blurr and resolution, the focal spot, 
intensifying screens and intensified radiography and image 
noise are also covered. Fluoroscopy, tomography and patient 
and personnel exposure are dealt with. The measurement of 
X-ray quantities and units are described. There is an 
appendix on mathematical relationships in radiology for 
those not familiar with these. The book thus gives a good 
theoretical background to the subject. It is perhaps a little 
unfortunate that it has appeared just after the introduction 
of SI units to radiology, otherwise it is up-to-date. 

It would have been a great help to have had a chapter on 
SI units since these are not familiar to everyone and this 
might have improved the statement that "heat is usually 
expressed in the units of joules (watt-seconds)'". The work 
is designed to be a theoretical introduction to the subject 
and at least in the reviewer's opinion it is a pity that it does 
not give more indication of practical applications as to how 
certain parameters might be checked in practice. As an 
example, when discussing contact between film and inten- 
sifying screens it indicates that the usual test for adequate 
contact is to radiograph a wire mesh. It gives no indication 
that there is an IEC standard method. It is stated that kVp 
is normally measured by using ‘‘a so-called Adrian Crooks 
type cassette". The description is that of the Sisconsin 
modification but it is doubtful if anyone not familiar with 
this item would be able to follow the description. A few 
more references might have been given and some of those 
given require checking. There are many other points of a 
similar nature which could be criticised but despite this the 
book gives a useful background for those training in diag- 
nostic radiology. 

G. M. ARDRAN. 


Paleopathological Diagnosis and Interpretation. By R. T. 
Steinbock and T. Dale Stewart, pp. xvi--423, illus., 1976 
(C. C. Thomas, Springfield, Illinois), $22.75. 

The scientific investigation of human archaeological 
remains, while primarily the concern of the anthropologist 
and archaeologist, is increasingly involving the interests and 
skills of the radiologist and pathologist. 

The study of disease in antiquity is properly directed 
towards the establishment of patterns of morbidity and 
health care in ancient communities and their influence on 
cultural development. A basic standard of knowledge of the 
pathological processes to be encountered is, however, as 
important to the anthropologist as an insight into the aims 
and objectives of the total study is to the interested radi- 
ologist or pathologist. It is encouraging, therefore, to find a 
book which, without compromise, takes a multidisciplinary 
overview approach to the problem. 

Much of our knowledge of paleopathology has been 
gained from the studies of excavated skeletal and mummi- 
fied material. Attention has been directed in Paleopatho- 
logical Diagnosis and Interpretation to the bony skeleton 
using the large collections of several American institutions 
including the Smithsonian to obtain correlative morpho- 
logical, radiological and pathological studies. 

Each chapter deals with a special aspect of bone disease in 
antiquity including its epidemiology. The major infections, 
tumours and trauma, together with haematological and 
metabolic bone disorders are considered. One chapter is 
devoted to joint disease and the book is introduced by a 
short dissertation on bone as a living tissue. In each section 
the presentation is clear and informative with key references 
to many aspects of the disciplines involved. 

'The volume is directed towards all those concerned with 
the diagnosis and interpretation of bone lesions in excavated 
specimens. The scope of discussion is on occasion limited 
and one might criticize the quality of reproduction of some 
of the radiographs but the book can certainly be recom- 
mended to the radiologist who is in any way interested in 
archaeology. 

The trainee radiologist might read it with profit and not a 
little pleasure. 

Tan IsHERWOOD. 
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A comparison of the biological effect of iodine 125 and tantalum 182 


gamma rays using vicia faba roots 


By E. R. Hering, M.Sc., Ph.D., M.I.Biol., M.Inst.P., P. L. M. Le Roux, M.Sc., Ph.D., F.Inst.P., 
M.(S.A )I.E.E., and R. Sealy, M.Med.(Rad.T)., F.R.C.R. 


Department of Medical Physics, Groote Schuur Hospital, Observatory 7925, Cape Town, South Africa 


( Received April, 1977 and in revised form January, 1978) 


Seeds containing iodine 125 as supplied by Lawrence Soft 
Ray Corporation have now been used at this hospital to treat 
a variety of patients with tumours which would have been 
treated with applicators or moulds loaded with !9?Ta or 
“28Ra if the seeds had not been available. Iodine seeds have 
also been extensively used at other hospitals, e.g. Kim and 
Hilaris (1975), Hilaris (1976), and Charyulu et al. (1976). 
‘The advantages of !?5] over !5"Ta have already been out- 
lined earlier (Sealy et al., 1976; Hering et al., 1977). How- 
ever, whereas the radiobiological effectiveness (RBE) of the 
187Pa radiation relative to 250 kV X rays is well known, 
there is at present no such information available for !?5], 
By considering the LET spectrum of the X rays of 1251, 
Kim and Hilaris (1975) have predicted an RBE of the seeds 
for human tumours higher than one and less than 1.5. Some 
radiobiological studies are needed to test this prediction and 
this has led to some preliminary investigations on vicia faba 
as outlined below. 
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Schematic diagram of the irradiation jig used for the irradi- 
ations with J87T'a and 1?5]. 
(A) Perspex ring holding the iodine seeds or tantalum wire. 
The level of the source(s) is given by the dotted line. (8) 
glass tube to hold root tips in position opposite the radiation 
source(s) (C) support for seedlings. (D) seedling. (E) tank 
filled with water at 3.5"C. 


MATERIALS AND METHODS 

Seed of vicia faba (variety" Aquadulce") was germinated 
and the roots grown in water at 19°C --0.2"C as described 
previously (Hall et al., 1962). The roots were then trans- 
ferred to water at about 3.5°C for one day before being 
irradiated with !5?Ta or !?»[, All irradiations were carried 
growth of the roots during the relatively long irradiation 
periods. The roots were measured and returned to 19°C 
after irradiation for the ten day growth. The control roots 
were treated in the same way and remained in the cold 
water for the same period as the irradiated roots, A specific 
control group was used for each irradiation time. 

The jig used for the irradiation of the roots at 2.3 cm 
from the source is shown in Fig. 1. The seedlings (ten) were 
positioned on the jig as shown, so that the root tips were at 
the centre of a ring of 14 !??[ sources or !3?Ta wire em- 
bedded in a groove cut into the surface of the perspex ring. 
The distance from the root-tips to the radioactive sources 
was 2.3 cm. 


TABLE I 


VALUE OF Gyo, THE GROWTH IN TEN DAYS OF THE 
ROOTS EXPOSED TO THE RADIATION OF !?5] anp 19? T'A 
EXPRESSED AS A FRACTION OF CONTROLS OF EQUAL AGE. 

‘THE TREATMENT DISTANCE WAS 2.3 cm. EACH 
VALUE OF G10 IS THE MEAN OF TEN ROOTS. 





















Radiation Dose rate 

modality (rad/hr) Dose (rad) Gio 

128] ; 33.7 0.98 + 

10.5 72.1 0.91 
8.4 109.1 0.78 
6.3 133.7 0.68 
8.1 160.3 0.59 
3.7 186.0 0.65 4 
(E395) 
6.4 237.1 0.50 4 
3.1 245.1 0.36 
4.2 297.7 0.26 
4.4 306.5 0.26 
5.5 340.6 0.28 
8.1 63.1 0.98 
8.7 135.1 0.69 
8.2 204.2 0.68 
6.8 250.3 0.56 + 
(42%) 

7.0 299.6 0.53 4 
7.2 253.4 0.50 
6.0 418.3 0.40 
6.6 457.5 0.25 + 




















*The errors in Gio are standard errors of the mean. 
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The doses quoted in Table I represent values calculated 
for the specified root-to-source distance. The doses to the 
roots were calculated using the method described by 
Anderson and Ding (1975). The variation in the dose to the 
roots is caused by slight variations in the root-to-source 
distance. The percentage errors in column three of Table I 
represent maximum variations in the values for the dose. 


RESULTS AND DISCUSSION 

The growth of the roots in ten days for the !??| and 
18?T'a irradiations at similar dose rates and for the same root- 
to-source distance of 2.3 cm show that there is an increase in 
the damage caused to the roots by !?5I compared with !5?Ta 
(Table D). The results were analysed with the Pike-Alper 
program (Pike and Alper, 1964) and the RBE of !?5I 
relative to 182T'a was found to be 1.70 with 95°, confidence 
limits 1.22-2.48. Graphs presented by Kohn (1958) suggest 
that various biological systems each exhibit a response to a 
particular radiation modality which is unique to that particu- 
lar system. Thus, the results obtained here are not necessarily 
applicable to tumours of patients treated with 1731, The 
value of 1.7 fits in reasonably with the findings of Zeitz et al. 
(1977) who used a simulated !??] spectrum and found a 
RBE (relative to 99Co) of about 1.4 at very much higher 
dose rates on HeLa cells. 

Since the !?5[ seeds have been used at this hospital 
mainly for the treatment of surface lesions, further studies 
are necessary in order to obtain useful RBE values for these 
treatment distances of about 5 mm as there is the pos- 
sibility of a change in quality of the radiation with distance 
from the source. It may also be necessary to investigate 
whether the response of mammalian cells is similar to that 
of vicia faba. 
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Correlations in bone mineral measurement using polychromatic X rays 
By M. I. Al Jarallah, M.Sc. Ph.D., J. A. Archer-Hall, M.A., B.Sc., M.R.C.S., L.R.C.P., 


and P. E. Francois, B.Sc., Ph.D., F.Inst.P. 


Physics Department, University of Aston, Birmingham B4 7ET 


(Received October, 1977 and in revised form December, 1977) 


Several techniques have been described in which bone 
mineral content is assessed by scanning a bone with a 
narrow beam of monoenergetic photons derived from a 
radioisotope source, commonly either ?!!Am or +]. For 
some of these techniques measurements have been made of 
the correlations between bone mineral assessed by photon 
absorption and the dry weight or ash weight of excised bone 
samples. The method described by Archer-Hall et al., (1973) 
is similar except that it takes advantage of the high flux of 
polychromatic X rays available from a conventional medical 
X-ray set. A step wedge of an artificial bone-like material 
fabricated from inorganic salts and epoxy resin is used as a 
standard; it has a known atomic composition similar to 
compact bone and a density of 1.73 g/cm?. Bone mineral 
estimates are made by scanning the ulna 3 cm from the ulnar 
styloid. As in the techniques using monoenergetic photons 
the transmitted intensity is displayed graphically as a trace 
whose area gives the total mass of bone in the section 
scanned. This is expressed in terms of mass of the standard 
step wedge material. In this paper we present correlations of 
mineral measurements observed using this technique with 
the bone weight, dry fat-free bone weight and ash weight of 
the bone, and with the calcium content as measured by 
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neutron activation analysis. Comparison, where possible, 
with measurements made using monochromatic photons 
allows the performances of the two techniques to be com- 
pared. 


CORRELATION MEASUREMENTS 

For the correlation measurements a number of sections of 
ulna were obtained post-mortem, from which samples 9 mm 
long were cut. The pieces were fixed in turn in a plastic jig 
which enabled them to be held in the normal scanning 
position in 4.5 cm of saline solution as used clinically. The 
hone pieces were slightly shorter than the slit length to 
ensure that thev were scanned in their entirety. After scan- 
ning, some were ashed by baking at 850°C for two hours. 

The correlation between the ash weights and bone mass 
estimated from the scans is shown in the figure. The correla- 
tion coefficient of these measurements is r—0.98. This is 
very similar to the value of r—0.99 found by Cameron et al., 
(1968) using monochromatic photons from 125], and to the 
values between 0.97 and 0.95 found by Shimmins et al., 
(1972). Both of these groups of workers made observations 
on sections of radii. Comparisons have also been made 
between the scan areas and bone weight, and dry fat-free 
*one weight, both giving correlation coefficients of r —0.96. 
In addition the calcium content of a number of specimens 
has been measured by neutron activation analysis. This was 
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done by observation of the ?9Ca activity produced by the 
reaction 48Ca(n, y)!?Ca using the facilities of the Universi- 
ties Research Reactor, Risley. The poorer correlation co- 
efficient r —0,83 obtained from these measurements may be 
due to the larger uncertainties associated with the neutron 
activation analysis. 
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(The Editors do not hold themselves responsible for opinions expressed by correspondents). 


THe Eprror—Sir, 
STATEMENTS OF THE MRC Isotope PANEL 

We have noted the strong reaction of the Council of the 
British Nuclear Medicine Society (Croft and Maisey, 1978) 
to our paper on the “ten-day rule" and its possible relevance 
to nuclear medicine. This reaction would appear to contra- 
dict the current advice given in ICRP 26 para. 206, the 
NCRP Report No. 53, and the WHO Technical Report 
Series No. 611. All these publications emphasize the need to 
consider what action should be taken to avoid irradiation of 
the embryo particularly in its early stage of development. 

Croft's assertion that the Tri-state study (Graham et al., 
1966 and Gibson ef al., 1968) indicated that irradiation of 
the ovum prior to fertilization was just as detrimental as 
irradiation of the embryo does not appear to be supported by 
the NCRP Report. 

Our aim was therefore directed to identifying the situ- 
stions where implementation of the ‘‘ten-day rule" might be 
appropriate in nuclear medicine. We pointed out that for our 
class 'C' patients, in whom investigations are required for 
their proper management, the criteria for the limitation of 
dose were those given in ICRP 17 viz. “that the activity 
administered should be the minimum consistent with 
adequate information for the diagnosis or investigation 
concerned". We superimposed on this basic premise the 
recommendations that we considered made sense in the 
complex situation of the extended irradiation from radio- 
pharmaceuticals. 

'The table of typical administrations was compiled from 
the large number which had been submitted for approval 
by the MRC Isotope Advisory Panel. We are only too well 
aware that different procedures call for different adminis- 
trations of the same radiopharmaceutical, that the same 
procedure might call for different activities in different 
centres depending on the available equipment and ex- 
pertise, and also that the Panel's advice was not always 
sought or followed. 

With regard to the use of thyroid blocking agents the 
view expressed on behalf of the British Nuclear Medicine 
Society that the routine use of these agents is difficult to 
justify needs further scientific debate. It is contrary to the 
policy which has been adopted by the MRC Panel over the 
last 25 years, and it might be noted that we have suggested a 
number of examples to indicate where this policy could be 
relaxed. We would agree, however, that our recommen- 
dations concerning *"T'e" radiopharmaceuticals should be 
regarded as applying primarily to pertechnetate, and that 
notwithstanding the numerous references in the nuclear 
medicine journals and in manufacturers’ pack leaflets the 
use of sodium perchlorate is preferable to that of potassium 
perchlorate. 

Yours, etc., 
R. E. ELLIS, 





B. E. C. NORDIN, 
P. TOTHILL. 
Department of Medical Physics, 
The General Infirmary, 
Leeds LS1 3EX. 
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THE Eprror—Sir, 
THE CENTIGRAY as THE S.I. Unrr or Dose 

I wish to ask for support for the use of the centigray (cGy) 
as the practical S.I. unit of dose for clinical radiotherapy. 
This proposal has two obvious advantages. Firstly, and most 
importantly, the centigray is identical numerically with the 
rad. Secondly, its use will circumvent any tendency to lower 
standards of accuracy that might follow use of the gray itself, 
100 times larger. There should be no practical difficulties in 
this any more than in the continued use of the centimetre for 
length. 


Yours, etc., 
Kerra E. HALNAN 


Glasgow Institute of Radiotherapeutics and Oncology, 
Western Infirmary, 
Glasgow G11 6N'T. 


THe EDITOR— SIR, 

UPPER GASTROINTESTINAL TRACT VISUALIZATION A8 AN 

AID TO THE INTERPRETATION OF PANCREAS SCINTIGRAMS 

In a recent note Cox et al., (1977) underline the import- 
ance of the well known problem of distinguishing the 
pancreas image from that of the upper gastrointestinal tract 
due to the accumulation of the marker (75Se-methionine) in 
the stomach and the upper part of the small bowel. In order 
to be correct, this note needs the following comments: 

1. Specific uptake of 75Se-methionine was described initially 
by Bühring and Schneider (1967). 

2. Our laboratory elaborated an original technique in order 
to eliminate the GI-tract image by subtraction (Henry 
et al., 1972; Frühling and Henry, 1974). According to our 
technique, stomach, duodenum and the upper part of 
jejunum were visualized by ?9"Tc"-pertechnate given 
orally. Clinical results obtained by this technique were 
published in two papers (Frühling and Balikdjian, 1974; 
Frühling e! al., 1975) and in a review article (Frühling, 
1976). 

3. Independently, Black (1973) published four years ago a 
method for determination of the position of the head of 
the pancreas by visualizing the duodenal loop after oral 
administration of *°Tc™-pertechnate. 

4. Duodenal visualization is only one part of the problem. 
Stomach uptake often overlies the image of pancreatic 
corpus and cauda. In these cases upper Gl-tract sub- 
traction is an absolute necessity. 
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5, From a technical and scintigraphic point of view the use 
of "Te -pertechnate or colloid are equivalent. 
Yours etc., 

J. FRÜHLING. 
Laboratoire des Radio-Isotopes, 
Institut Jules Bordet, 
Faculté de Médecine, 
Université Libre de Bruxelles, 
1000 — Bruxelles, 
Belgium. 
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(in reply) 
Tue Eprror-—-Sir, 
LIPPER GASTROINTESTINAL TRACT VISUALIZATION AS 
AN AID TO THE INTERPRETATION OF PANCREAS 
SCINTIGRAMS 

The purpose of our communication was twofold, First, 
we wished to bring to discussion observed differences in the 
clinical performance of synthetic selenomethionine as com- 
pared with biosynthesized material. The review of Bühring 
and Schneider quoted by Dr. Frühling was written long 
before synthesized material was available. As far as we can 
ascertain, our results are the only clinically verified data 
available on synthetic selenomethionine. Second, we 
wished to point out that the use of duodenal visualization as 
an adjunct to pancreas scintigraphy can be helpful and we 
are pleased that Dr. Frühling subscribes to this view. Never- 
theless the technique of Black, as confirmed by Dr. Frühling 
himself, suffers from the disadvantage that pertechnetate 
becomes bound to the gastro-intestinal mucosa which may 
hinder passage into the duodenum and can lead to uneven 
distribution in the G.I. tract which can be difficult to 
interpret on a scintigram. The use of technetium colloid on 
the other hand eliminates this problem. The activity freely 
mixes with the stomach contents and moves unhindered 
through the gastrointestinal tract. There is also no transport 
of activity across the intestinal mucosa into the bloodstream 


which may occur with pertechnetate. For this reason it can 
be claimed that colloid is the reagent of choice for this study. 


Yours, etc., 
P. H. Cox, 
H. S. L. M. TJEN, 
W. B. VAN DER POMPE. 
Rotterdamsch Radio-therapeutisch Instituut, 
Groene Hilledijk 301, 
Rotterdam, The Netherlands. 


THe EDITOR—SIR, 
NARROW-NERDLE (CHIBA) CHOLANGIOGRAPHY 

In response to the article by Jain et al., 1977 and the 
ensuing letter (Carty and Markham, 1977), we wish to make 
some observations based on our own experience of narrow- 
needle cholangiography. Our preliminary experience has 
been published elsewhere (Bass and Shaff, 1976; Schulman 
and Bass, 1977). A 

We have now done over 100 cases. Our success rate in 
obstruction, even in those cases where the obstruction was 
only moderate and the intrahepatic ducts not convincingly 
dilated, has been 100%. Successful bile duct entry has 
almost always been achieved at the first or second pass. In 
cases where there has been no obstruction whatsoever, our 
success rate has been of the order of 5094. 

In some of our initial patients, operation was delayed for 
several days; we did, in a number of these, encounter in- 
stances of septicaemia and of peritoneal bile leak in the 
presence of obstruction. We therefore now routinely use 
Ampicillin and Gentamycin cover and perform the examin- 
ation immediately before operation. No complications have 
occurred in the absence of obstruction. 

Yours, etc., 
A. SCHULMAN, 
M. GOLDBLATT, 
M. I. Suarr. 
Department of Radiology, 
Groote Schuur Hospital, 
Cape Town, 
South Africa 7925. 
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THe Eprrog— Sin, 

Faster CONTRAST PASSAGE THROUGH A CHIBA 
NEEDLE IN PERCUTANEOUS TRANS-HEPATIC 
CHOLANGIOGRAPHY 

The letter by J. K. Millar (1977) makes the useful 
suggestion of injecting a low viscosity contrast medium in 
order to obtain adequate visualization of the biliary tree 
when using the fine gauge 23-25 s.w.g. 14 em long Chiba 
needle. 

Dr. Millar suggests the use of Urografin 150. Unfor- 
tunately, Dr. Millar does not consider the fundamentals 
influencing viscosity of intravascular contrast medium and 
therefore he makes an erroneous conclusion and recom- 
mendation. 
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'There are three basic factors influencing the viscosity of 
current intravascular contrast media: 

1. The concentration of the solution, both mg iodine per 
ml and weight of salt per volume of solvent. 

2. The anion, Ze. the iodinated radicle. All current 
urographic contrast media employ very similar iodinated 
substituted benzoate anions—diatrizoate (Hypaque, Uro- 
grafin), iothalamate (Conray), metrizoate (Triosil). Solutions 
of these ions have almost the same viscosity for equivalent 
iodine content. 

3. The cation. Two cations are in current use—sodium 
(low molecular weight and low viscosity) and meglumine 
(higher molecular weight and higher viscosity). 

It is obvious therefore that to provide a solution of current 
contrast media of the lowest viscosity for any required 
iodine content—the only variable is the cation content. A 
sodium solution provides much the lowest viscosity. 

Dr. Millar suggests Urografin 150 which provides an 
iodine concentration of 146 mg per ml. Unfortunately, this 
is not a low viscosity medium for its constituent salts are 
0.26G meglumine diatrizoate and 0.04G sodium diatrizoate, 
that is, it is 87% meglumine salt. A sodium solution of the 
same iodine concentration would provide a solution of lower 
viscosity. Such a medium is Hypaque 25% which contains 
150 mg iodine per ml and contains only sodium and no 
meglumine cations. 

The relative viscosities at 37°C are Urografin 150—1.4 
C.P. and Hypaque 2595—1.09 C.P. 

In fact, for solutions of this low iodine content, viscosity 
is not a very important factor, but the underlying principles 
influencing viscosity of intravascular contrast agents are 
very important for urography and angiography. 

It is in order to emphasize these important fundamentals, 
that this letter is submitted. 

Yours, etc., 
R. G. GRAINGER. 
X-ray Department, 
The Royal Hospital, 
West Street, 
Sheffield S1 3SR. 
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Tue EprrOR-—SIR 
INCREASED FILTRATION DUE TO TUNGSTEN DEPOSITS 
INSIDE THE ENVELOPES or X-Ray TUBES 

Reduced output from X-ray units is often attributed to in- 
creased filtration due to tungsten deposits inside the tube 
envelope (Dunlap, 1977). 

During 12 years of full-time radiation survey work I have 
measured the output and quality of radiation under standard 
conditions and excitation voltage of all the X-ray installations 
in my area and have not detected any significant change in 
HV'T, even on the most heavily used units, from the value 
when the tube was new to that after as many as 200000 ex- 
posures, The largest change was from 2:6 to 2-65 mm Al, i.e. 
0.05 mm Al (within experimental error for a poorly reg- 
ulated unit). My measuring technique has been constant 
throughout using the same aluminium filters, standard jig, 
chamber and dosimeter at 80 kV estimated from Ardran 
penetrameter results and direct measurement. 

'The roughened state of the anode has also been given as 
the cause of low output, but one would expect a harder beam 
if the reduced output were due to craters in the anode; as 
stated above this has not been found. 

I strongly suspect that the effect of tungsten deposits was 
indeed significant in early stationary anode tubes when the 
filament assemblies were unshielded, and that this is no 
longer true. Perhaps repeated mention of these deposits as a 


cause of low output or beam hardening is no more than 
folklore? I would welcome any references to recent work 
which could substantiate statements that in modern tubes an 
appreciable increase in filtration is commonly due to tung- 
sten deposits. 
Yours ete., 
J. W. Anpv, 

Radiation Survey Technician, 
Medical Physics Department, 
Hull Royal Infirmary (Sutton), 
Saltshouse Road, 
Hull HU8 9HE 
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Tue Eprror—Sir, 
THE PHOTON ATTENUATION AND ABSORPTION PROPERTIES 
OF CLEAR AND WHITE POLYSTYRENE 

For many years clear polystyrene (CaHs)n has been used, 
in electron dosimetry as a water or muscle substitute, and 
documents such as the SCRAD "Protocol for the Dosimetry 
of High Energy Electrons” (SCRAD, 1966) recommend the 
use of polystyrene calibration phantoms. Unfortunately, the 
“muscle equivalence" for low energy photons is poor, with 
the material having both mass attenuation and energy ab- 
sorption coefficients (u/p, #-n/p) differing by more than 20%, 
from the values for muscle at energies below 40 keV. 

An interesting improvement in the photon characteristics 
has been noted with the opaque, white polystyrene, which 
contains a fine particulate filler of titanium dioxide (TiO) in 
concentrations apparently up to 4% by weight. 

Values of p/p and p,,/p have been calculated for different 
concentrations (0-4%) of filler using the conventional 
addition rule for compounds and the elemental cross sec- 
tions of Hubbell (1969) and Storm and Israel (1970). The 
calculated data were compared with similar data calculated 
for the muscle formulation quoted by ICRU (NBS, 1964). 
The ratios (p/p) compound/(u/p) muscle and (u,,/p) com- 
pound/(u,,/p) muscle, over the energy range 10 keV~100 
MeV, are plotted in Figs. 1 and 2 respectively. As the 'TiOs 
concentration (by weight) increases, both the low and high 
energy "equivalence" improves, the low energy region more 
rapidly, due to the stronger Z-dependence of the filler. The 
values of p/p for unfilled polystyrene are within 5% of those 
for muscle from approximately 90 keV—7 MeV, while je.n/p 
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values are within the same limits from 130 keV-7 MeV. If 
3.7% by weight of 'TiOs is added to polystyrene, Bip is 
within 5°, of that of muscle from 15 keV-10 MeV and 
fonip is within 5% from 20 keV-8 MeV. 

The electron mass stopping powers (S/p) for unfilled poly- 
styrene are within 10% of similar data for muscle over the 
energy range 10 keV—-100 MeV, and within 595 of muscle 
from 10 keV-20 MeV. When 3.7%, 'TiOs is added, the 
stopping powers are within 8% over the complete energy 
range, while the 5% energy limits remain essentially un- 
changed. Electron mass angular scattering powers (62/pl) 
also show a small improvement when 'TiOs is added. Over 
the energy range 10 keV--100 MeV, the unfilled polymer has 
&*/pl values within 18-20% of those for muscle; when 3.7% 
is added, the agreement changes to 14-16%. 

Specific gravities vary from 1.05 for unfilled polystyrene 
to 1.08 for the filled (3.755) materials. These values compare 
with a specific gravity of 1.04 quoted for muscle (skeletal) by 
ICRP (1975). By adjusting the amount of additive, linear 
attenuation coefficients, p, may be matched with those for 
muscle by balancing the effect of the elevated mass density 
for the filled polystyrene against the u/p values. This may be 
achieved by plotting graphs of p against TiO» concentration 
for the energies of interest and selecting the concentration 
that corresponds to the required p value for muscle. 

Generally, suppliers do not specify the concentration of 
filler used, but test samples of polystyrene with the 3.79; by 
weight of TiO have recently been obtained from BP 
Chemicals Ltd. Preliminary radiographic and CAT scan- 
ning measurements on the samples confirm the theoretical 
data outlined in this correspondence, suggesting that the 
material might be useful for dosimetric or radiographic in- 
vestigations in diagnostic radiology, 

Yours, ete. 
D. R. WHITE, 
Radiation Physics Department, 
St. Bartholomew's Hospital, 
13 Bartholomew Close, 
London EC1A 7BE. 
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THe Eprror—-Sir, 
ELKIND RECOVERY AND “SuB-LETHAL DAMAGE”: 
A MISLEADING ASSOCIATION? 

Dr. Alper's closely argued hypothesis (Alper, 1977) makes 
fascinating reading. Some of her arguments would un- 
doubtedly command general acceptance but others, I 
believe, might benefit from a more extensive discussion. 

She shows that the term "sub-lethal damage” is appropri- 
ate to the familiar multi-target model (model 1) in which the 
fraction, S(D), of cells surviving a single acute absorbed 
dose D, is given by: 


S(D)-1—1(1—exp(—AD)m... i... (1) 


This model postulates that n vulnerable targets, each with 
the same inactivation constant, À, all need to receive at least 
one radiation “hit” if the cell is to lose proliferative capacity. 
Equal weight and status is given to each of the n targets. 

The term "potentially lethal lesion” is obviously appro- 
priate to a repair model. Suppose that some lesions are 
irreparable, while others tend to be repaired before the next 
cell division after irradiation at low, but not at high, dose. 
Then the following equation modified from Haynes (1966) 
describes survival from a single acute irradiation for a simple 
"repair" model (model 2) 


S(D)= exp [—k: D—RD(1--exp(—aD))]  ....(2) 


This model postulates a minimum of two qualitatively dis- 
tinctive types of inactivating lesion, the irreparable type 
(which might be a heterogeneous category) represented 
by the AyD term; and the potentially lethal, potentially 
reparable lesion (which might also be heterogeneous) 
represented for convenience by the single term, DI 1 —exp 
(—aD)j. At low D, with aD<1, this "repair term” tends to 
ak«D? and hence to zero as D—0; at high D, the term tends 
to kyD. Furthermore, the term (1 —-exp( — al) | represents a 
third type of lesion-—one that interferes with the repair of a 
potentially lethal lesion. Interference is negligible as D—0 
but complete when aD becomes appreciably greater than 
unity and (1 -exp( —aD)j—1. 

We must expect that equations (1) and (2), with specific 
values assigned to the parameters A and n, and ki, ky and a, 
will apply only to a particular type of cell, in a particular 
phase, under specific conditions of culture and for a given 
quality and dose-rate of radiation. The question we have to 
ask is: does either model relate to radiobiology and particu- 
larly to the radiobiology of radiotherapy? 

In principle, two types of experiments are critical for 
distinguishing between models 1 and 2, At low dose the 
slope of the curve of In S(D) versus D given by equation (1), 
with n 2, tends to zero, but to —A for equation (2). At a 
dose rate that is low enough to allow full recovery or repair 
to occur, the same outcome and the same slopes should be 
observed. Although it is difficult to reduce statistical errors 
sufficiently to determine the shape and slope of the survival 
curve at low D, the bulk of the evidence from experiments on 
mammalian cells exposed to low LET radiations at low dose, 
or at low dose-rate, favours equation (2) over equation (1). 
Taking account of the additional arguments given by Alper 
(1977) we have to conclude that model 1 probably has little 
or no relevance to mammalian cells. 

Dr. Alper refers only briefly to another category of 
quantitative evidence that, in my view, is of great value to 
the further understanding of radiation action: the depend- 
ence of RBE on LET. A simple theory of this phenomenon 
(Burch, 1970a, b) fits a wide range of experimental findings 
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and, in particular, offers a consistent interpretation of the 
results of Barendsen et al. (1966) for the inactivation of 
human cells of kidney origin. For irradiations under aerobic 
and anoxic conditions, and at "low" dose (survival from 1.0 
to 0.5) and "high" dose (survival from 0.1 to 0.01), this 
theory identifies in each circumstance a minimum of three 
distinctive modes of radiation action. 

At low LET (around La of 1 keV pm), a "single energy 
transfer" mode of inactivation predominates, but as LET 
rises this mode becomes less important both absolutely and 
relative to the other modes of inactivation. The effective 
cross-section for this mode also varies widelv with dose. 
Under aerobic conditions, the effective cross-section for 
inactivation at “low dose"——as defined above—is about 
0.05(um)? per cell, rising to nearly 0.9(um)? at “high dose”. 
Under anoxic conditions, the corresponding cross-sections 
are 0.016(u m)? and 0. 2«(um)?, respectiv ely. A high degree of 
repair of this type of lesion under "low dose” conditions can 
be inferred; the mechanism of repair involves, presumably, 
Sinclair's (1973) Q-factor. 

At higher LET, a mode of inactivation becomes important 
that entails two separate energy transfers from an ionizing 
particle to a characteristic type of complex target: the maxi- 
mum RBE occurs at Lo just over 20 keV pmo. If the 
average energy per transfer 1s 80 eV then the average separa- 
tion between successive inactivating transfers is about 38 
This mode of cellular inactivation is markedly oxygen- 
dependent, with an OER of about 2 in the “high dose” 
region and about 3 in the “low dose” region but the effective 
eross-section shows, within the limitations of the analysis, 
little or no change with dose. In other words, we can infer 
that little or no repair of this type of lesion takes place under 
the circumstances of the experiment by Barendsen et al. 
(1966). 

At still higher LE'T a third mode of inactivation pre- 
dominates, giving a maximum RBE at Læ just over 
100 keV um-!. This mode entails three separate transfers of 
energy from an ionizing particle to a characteristic type of 
complex target. If the average energy per transfer is 80 eV 
then the average separation between successive inactivating 
transfers is about 8 A. The effective cross-section shows a 
suggestion of oxygen dependence (possibly 10% higher 
under anoxic conditions) but no indication of dose-depen- 
dence. This type of lesion, caused by a triple energy transfer, 
appears to be irreparable. 

For each of these three modes of inactivation the “target” 
may be regarded as composite, comprising, for example, a 
very large number of vulnerable sections of nuclear DNA. 
For a more detailed discussion of the nature of this and the 
other lesions see Burch (1970a, b). 

To decide whether “P-type” lesions (Alper, 1977) corres- 
pond to any of those described above it would be necessary 
to study their dependence on LET. 

In conclusion, the analysis of the relation of RBE to LET 
strongly supports a "repair" model and the concepts of 

“potentially lethal, potentially reparable" and “irreparable” 
lesions. However, both categories of lesion are probably 
heterogeneous and their relative importance evidently 
depends on many factors. 

Yours, etc., 
P. R. J. BURCH. 
Department of Medical Physics, 
University of Leeds, 
The General Infirmary, 
Leeds LS1 3EX. 
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(in reply) 
THE Epiror—Sir, 
ELKIND RECOVERY AND ‘‘SuB-LETHAL DAMAGE” 
A MISLEADING ASSOCIATION? 

The purpose of my contribution (Alper, 1977) was to 
draw attention to the lack of evidence supporting either of 
the basically different assumptions underlying two groups of 
models for cell-killing which I called the '*multi-sub-lethal 
lesion" and “repair” groups. 

Model 1 of Dr. Burch's letter is, of course, only one of the 
former group. As he says, there are many experimental 
observations that call into question the validity of that 
particular model, according to which a survival curve should 
have zero slope at zero dose. If this were a test for the 
“multi-sub-lethal lesion" concept in general, a decision 
would be easy; but there are several models—for example, 
to use Burch's notation, InS (D) = —(aD + BD?) (Kellerer 
and Rossi, 1972)—that can easily accommodate experi- 
mental observations on effects of radiation given in fractions 
or at low dose rates. 

Dr. Burch refers to evidence that might be derived from 
dependance of RBE on LE'T. With respect to quality of 
radiation, the choice between the groups of models seems to 
me to depend on success in predicting changes in initial 
slopes and "shoulder widths” of cell survival curves, rather 
than “RBE” effects in general. The validation of a repair 
model as a description of a survival curve would require 
evidence that some, but not necessarily all, potentially lethal 
lesions become less reparable by biochemical means as the 
LET of the radiation increases. It may be inferred, from 
certain radiobiological observations, that some potentially 
lethal lesions can be biochemically repaired, but no recog- 

nized repair mechanism has been ‘conclusively shown to be 
related to a reduction in cell killing by ionizing radiation. 
Until the operation of intracellular biochemical repair is 
better understood there seems little hope of getting experi- 
mental evidence to relate reparability with quality of 
radiation. 

Yours, etc., 
"TikvaH ALPER. 

Gray Laboratory, 
Mount Vernon Hospital, 
Northwood, Middlesex HA6 2RN. 
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The Editors have decided that owing to the extreme shortage of space in The British Journal of Radiology, 

the "Forthcoming events and other notices" section will in future only carry notices of general interest and 
announcements of meetings specifically connected with The British Institute of Radiology and its associated 
bodies. Members, however, will be receiving future meeting announcements, space permitting, in the B./.R. 
BULLETIN which is distributed quarterly to all members. 


Recent ADVANCES IN HYPERTHERMIA RESEARCH 
À radiobiology meeting will be held on May 11-12, 1978 
(not May 18 as announced earlier this year), at the British 
cid of Radiology, 32 Welbeck Street, London WIM 


Details and registration, contact the General Secretary, 
B.LR. (01-935 6237). 


B.LR. CONVERSAZIONE 
Will be held at Northwick Park Hospital, Middlesex on 
May 17, 1978. Dr. Louis Kreel will arrange demonstrations 
and give a talk "Introducing art into radiology". 
Details from the General Secretary. 


Hion Dose RATE AFTERLOADING GYNAECOLOGICAL 
IRRADIATION AS AN ADJUVANT TO GYNAECOLOGICAL 
SURGERY: An ASSESSMENT OF THE CATHETRON 

An evening meeting will be held on May 18, 1978 at The 
British Institute of Radiology (Reid-Knox Hall), 32 Welbeck 
Street, London W1M 7PG. 

Further details from the General Secretary. 


THe 22ND CROOKSHANK LECTURE 

The 22nd Crookshank Lecture entitled “Advice to the 
Royal Commission on the Task as They See it" will be 
delivered by the Rt. Hon. Lord Robens of Woldingham, 
P.C., D.C.L., LL.D., D.Univ. at 66 Portland Place, London 
WIN 4AD at 4.30 p.m. on Friday May 19, 1978. 

The Chair will be taken by the President of the Royal 
College of Radiologists, Professor R. E. Steiner. 

The lecture will be preceded by an Admission of Fellows. 

Admission is free to all members of the Medical Pro- 
fession. 


BeNiGN Bone DisgasE-— Roe or RADIOISOTOPE 
‘TECHNIQUES 

A meeting to be held at the Middlesex Hospital Medical 
School on May 31, 1978, organized by the British Institute 
of Radiology, with the British Orthopaedic Association, is 
intended to provide a comprehensive review of the ap- 
plication of radionuclide techniques in the evaluation of 
metabolic bone disease, assessment of fractures, infections 
and benign bone tumours. 

A provisional programme and registration form from the 
RLR 32, Welbeck Street, London WIM 7PG. 


WORKSHOP ON THE USE OF COMPUTERIZED 
"TowocRAPHIC SCANNERS IN. RADIOTHERAPY 
Following the successful workshop meeting on “The Use 
of Computers in Radiotherapy in Europe”, held at the Inter- 
national Atomic Energy Agency in July 1976, the Commis- 
sion Informatique of the European Association of Radiology 
will hold a workshop on the “Use of Computerized Tomo- 
graphic Scanners in Radiotherapy”, at the headquarters of 
the World Health Organization on March 28-30, 1979. 
The meeting is designed to promote discussions among 
therapeutic and diagnostic radiologists, physicists and com- 


puter experts with previous experience in this field and will 
be limited strictly to 150 participants. 

The programme will include invited and proferred papers 
and discussions concerning the recognition and definition of 
tumour and target volumes and treatment planning as well 
as future directions for development. 'The proceedings will 
be published. 

Further information can be obtained from the General 
Secretary, Professor R. J. Berry, Department of Oncology, 
The Middlesex Hospital Medical School, London WIP 
7PN. 


WORLD FEDERATION or NucLEAR MEDICINE AND BroLoGv 

To be held September 17-21, 1978. The Second Inter- 
national Congress of the World Federation of Nuclear 
Medicine and Biology will provide an international forum 
for the exchange of scientific information, the dissemination 
of knowledge, and the world-wide promotion of the disci- 
pline of nuclear medicine. 

The Scientific Symposia will encompass all the activities 
and interests of nuclear scientists and physicians: medical 
and health physics; instrumentation; data analysis; radio- 
chemistry; radioassays; in vive and in vitro biochemical and 
physiological measurements; radiopharmaceuticals; func- 
tions and disorders of the cerebral, pulmonary, cardio- 
vascular, abdominal, renal,, peripheral vascular, bone, joint 
endocrine, and metabolic systems. 

There will be three pre-meeting courses: cardiovascular 
nuclear medicine; positrons, cyclotrons, and tomography; 
nuclear medicine in developing countries. During the 
meeting, there will be review teaching sessions on the state 
of the art in clinical nuclear medicine. 

'The technologist programme will include considerations 
of quality assurance, recruitment, education and career 
opportunities. 

The meeting has been designed to afford maximum 
opportunities for exchanges of ideas and views among 
nuclear colleagues. 

Morning activities will provide a plenary session, time for 
small discussion groups, and for visiting the exhibits of 
equipment and radiopharmaceutical manufacturers. 

Afternoons will be devoted to contributed papers, poster 
sessions, panels and mini-symposia. 

Further information from Dr. H. N. Wagner, President, 
WENMB Second International Congress, 1629 K Street, 
N.W., Suite 700, Washington, D.C., 20006, USA. 


British MEDICAL ULTRASOUND Society 
ANNUAL MEETING AND EXHIBITION 
Will be held November 27-28, 1978 at the Civic Centre, 
Newcastle Upon Tyne. 
Further details from the British Institute of Radiology, 
32 Welbeck Street, London W1M 7PG. 


4TH CONGRESS OF THE EUROPEAN ASSOCIATION OF 
RADIOLOGY 
Will be held in Hamburg, W. Germany, on September 
2-9, 1979, 
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ante-natal clinics and other departments within hospitals 
e Simple operation facilitates routine obstetric investiga- 
tions with the minimum of fuss — e Fetal maturity 
estimations can be established quickly using the integral 
electronic calipers which automatically reproduce an 
on-screen digital display e Results are permanently 
recorded with the built-in camera. © The excellent 
grey-scale display shows moving structures up to 25 cm 
deep. € All our customers are backed by a national 
24 hour Kontron Roche service 


E serving e — 3 = 
the world 










Kontron Instruments Ltd., P.O. Box 188, 
Watford WD2 4YX or telephone Watford 
(0923) 47666 


Please contact me to arrange a demonstration 
of/send me further information about/ 
the Axiscan 5. 


POSITION.. 
ADDRESS). ss o us 


TELEPHONE... 





NORTH WEST THAMES HEALTH 
AUTHORITY 
with ACTON TECHNICAL COLLEGE 


A Symposium 


Radiation Protection 
in Hospitals 


i 

i 

| 

| 

i 
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| 
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| 

| On July 5, 1978, at Edward Lewis Lecture 
| Theatre, The Middlesex Hospital Medical School, 
i 
| 
| 
H 
| 
i 
$ 
i 
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Topics to include: 


BASIC PHYSICS, DOSIMETRY, 
BIOLOGICAL EFFECTS, 
DESIGN OF DEPARTMENTS, 
MEASURING EQUIPMENT, 
LEGISLATION SAFETY 
OFFICERS 


The Symposium commences at 9.30 a.m., closes 
at 4.45 p.m. The fee inclusive of lunch, ete., is £10. 
Cheques, payable to London Borough of Ealing, 
should be sent (by June 16, 1978 at latest) to 
Accounts Office for the attention of M. Grim- 
shaw, Symposium Organizer, Acton Technical 
College, High Street, London W3 6RD. Tel. 
01-993 2344, ext. 2129 or 2373. 





| DIAGNOSTIC 
RADIOLOGIST(NUCLEAR) 


to join radiology partnership in large 
teaching hospital, Halifax, Nova Scotia, 
Canada, as second nuclear physician. In 
1977,140,000 examinations were 
performed, of which 7,000 were nuclear 
imaging procedures. Income generated on 
fee-for-service basis, and is competitive 
by North American standards. Successful 
applicant will receive joint appointment to 
Hospital Staff and Faculty of Medicine, 
Dalhousie University. Certification (or 
eligibility for certification) by the Royal 
College of Physicians and Surgeons of 
Canada in Nuclear Medicine and/or 
Diagnostic Radiology is required. 





Contact: 

Dr. J. R. Standen, Head, Department 
of Diagnostic Radiology, Victoria 
General Hospital, Tower Road, 
Halifax, Nova Scotia, B3H 2Y9. 
Telephone: (902) 428-2452. 


WANTED 


DIAGNOSTIC 
RADIOLOGIST 


required for group in large western Canadian 
city. Training in ultrasound, mammography and 
Nuclear Medicine an asset. Private clinic 
practice and hospital affiliation. Please reply to 
Box No. 7, British Journal of Radiology, 

32 Welbeck Street, London W1M 7PG. 




















12th INTERNATIONAL 


CANCER CONGRESS 
Buenos Aires 5th-11th October 1978 


Special Group Travel arrangements are available 
in co-operation with the official airline, 
Aerolineas Argentinas. 

For further details apply to: 

Express Boyd Limited 

4/5 Bonhill Street 

London EC2A 4BX 

Tel. No. 01-628 6060 ATOL No. 373B 
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Ontario Cancer Treatment and Research 
Foundation 


London Clinic 


Applications are invited for a post of Radiation Oncologist. 


The London Cancer Clinic serves an area in south-western 
Ontario of approximately one million people. It is situated in 
Victoria Hospital and approximately 3,500 new patients, of 
whom 2,500 are malignant are seen annually. There is a full- 
time staff of six Radiation Oncologists, three Medical 
Oncologists and two Nuclear Medicine full-time physicians 
all of whom are also members of the Department of Radi- 
ation Oncology of the University of Western Ontario. There is 
considerable teaching involved, both of undergraduates and 
graduates. 


Consultative and follow-up clinics are held in nine 
localities in smaller towns of the area. The equipment of the 
clinic is comprehensive and modern. There is an active Radi- 
ation Physics Department, a Radiobiological research unit, 
and a very active Nuclear Medicine Section. 


Applications with curriculum vitae and the names of three 
referees should be submitted to Dr. T. A. Watson, Director, 
The Ontario Cancer Treatment and Research Foundation, 
London Clinic, Professor and Head, Department of Radiation 
Oncology, University of Western Ontario, Victoria Hospital, 
London, Ontario, Canada N6A 4G5. 
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For 

reliable 
Cobalt 60 
Teletherapy 


—ASK US! 






Some clinics 
even use 


TWO! 


Atomic Energy 
of Canada Limited 


Commercial Products 


P.O. Box 6300, Ottawa, Canada, K2A 3W3 
Tel. 613/592-2790 * Cable Nemota * Telex 053-4162 


SIEMENS 






An advanced 
mobile surgical table 
_ with just two 

simple controls 


Siemens Radi-op —a universal table with movable 
top. Thesingle movable control arm anda simple 
toe-pedal operation gives complete mobility. The 
control arm smoothly positions the table to any of the 
six basic settings — quickly and with error-free selection. § 

This variety of precise positions helps make any 
operating procedure smoother, speedier and more 
efficient 

Otherfeatures include a built-in cassette channel 
forstandard radiology procedures, a completely 
sealed fluid drive hydraulic system anda positive floor 
lock system plus a range of accessories. 

For full details write to: Siemens Limited, 
Medical Group, Siemens House, Windmill Road, 
Sunbury-on-Thames, Middlesex, TW16 7HS. 

Tel: 09327 85691 


In the world of 
electro-medicine 


Siemens has the answer 


Gall Bladder Unobstructed access above and 
below the table top foruse with image 
intensification 


Lithotomy. The Radi- op table offers elevation of 
the pelvic area to provide access to the surgical 
site. 





Neurosurgery. Unimpeded approach by the 
surgical team for all neurosurgical procedures 
performedin the sitting position 








Proctology. Flex control provides smooth, 
effortless positioning of the patient for proctologic 
procedures 








ENT. Total unobstructed access to the patient by 
the surgical team 






Kidney. Optimum table flex without use of a kidney 
elevator for greater patient safety and comfort 
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Modern radio-isotope techniques enable non-invasive 
vizualisation of ischemic areas of the heart... and 
processing the mass of data obtained is a task for a Philips 
Processing and Display System. In the colour video 
display, the two upper images show the heart in systole 
and diastole, acquired under ECG gating, while the third 
image, corresponding with the motion of the ventricular 
wall, is generated by a special program. If desired the 
user can also compose special programs - by simply 
linking existing sub-routines - and call them at any time by 


X1 


which the computer calculates the time/activity graphs 
corresponding with the organ function 

This indepth evidence admirably illustrates the 
effectiveness of the Philips Processing and Display 
System in providing rapid quantitative and qualitative 
diagnostic information obtained during dynamic 
investigation in nuclear medicine 

The system employs a Philips mini-computer with a 
32k 16-bit memory which, together with disc-operated 
software programs, provides considerable processing 


pressing the relevant program number 


Replay of the total study with 16 images at a time enable 
the optimal replay mode to be selected. Replay can be 
interrupted for the selection of regions of interest from 


1 


1 Direct access to disc-stored 
programs covering a complete range of 
routine examinations is by means of ergo- 
nomically grouped key arrangements; the 
results being immediately displayed on the 
30 cm black- and- white video monitor 
The system can be extended with a 
colour monitor. Frequently used 
procedures can be combined to form new 
programs. In cases where a single key 
offers the choice of more than one routine 
the program assumes a 'question-answer 
mode enabling the operator to make a 
suitable choice. Incorrect operation is not 
possible. If a non-acceptable procedure 

is inadvertantly selected, the keyboard is 
immediately blocked and an 'error 
condition displayed on the monitor 

2 Software programs, including 
standard as well as improved routines, are 
introduced via the system's built-in 


PHILIPS 


speed and flexibility. Furthermore, it has been designed 


compact-cassette recorder. This facility 
also enables results to be recorded for 
eventual image playback and appraisal 

3 FORTRAN IV option. The capability of 
Philips Processing and Display System can 
also be extended to solve special problems 
In such cases data can be pre-processed 
in the convenient PDS way and further 
analysis carried out using the FORTRAN IV 
option. Programs can be written in 
FORTRAN language by the user and results 
monitored on the PDS display or printed 
out on the same terminal that is used to 
enter or retrieve the FORTRAN program 


Part of a complete program of nuclear 
medicine equipment and systems, and fully 
supported by an international service 
organisation, the Philips Processing and 
Display System represents the perfect 
integration of operational simplicity and 


specifically for use by medical personnel and program 
execution requires no specialized knowledge of data 
processing techniques 


efficiency with applicational flexibility and 
reliability 


If you would like further evidence 
on Philips Processing and Display 
System, or on any other equipment in 
our nuclear medicine programme 

| complete this coupon and send to 

| Philips Industries Medical Systems 
Division, Building QM, Room 326 

| Eindhoven, The Netherlands 


Company 
Name/Position 
City/Country 


\ Street/P O. Box 
"mdi EE m Er pt 


Philips Medical Systems 
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TECHNICIAN 


Fujimex are now recruiting a team of specialists to 


RADIOTHERAPIST 
install and maintain the Fuji range of X-ray and i 


Graphic Arts auto processors and daylight | Department of Radiology and 
loading equipment. Radiotherapy at Pahlavi Medical Center, 


University of Azarabadegan is inn f 
In the first instance the leader of the team will be y . M . sego 
appointed and trained in dapan. two experienced Radiotherapists, 
preferably with a university career. 


Applications are invited from people of the highest 
qualifications and with experience in these fields. 


Salary, 18,000—24,000 U.S. dollars per 
annum depending on qualifications. 


Applications should be addressed and marked "In 
Confidence" to: 


Charles Staff, 
X-ray Division, Fujimex Ltd, 
Faraday Road, Swindon, Wilts. 


Please apply to: 
Chancellor's Office, 
University of Azarabadegan, 


FUJMEX 77 


BOOKS FROM CHURCHILL LIVINGSTONE ERR 























BASIC SCIENCE OF NUCLEAR MEDICINE 

Roy P. Parker, Peter H. 8. Smith and David M. Taylor 

1978 384 pages line and half tone illustrations cased £8-50 

This book presents an integrated survey of those aspects of physics, chemistry and related sciences which are essential to a clear 
understanding of the subject. It gives simple, clear expositions of the relevant and essential features of a number of scientific and 
technical skills, as well asa waalth of practical examples likely to be met with in clinical practice. 


ATLAS OF GRAY SCALE ULTRASONOGRAPHY 

Kenneth J. W. Taylor 

426 pages 469 half tones + 584 line drawings cased £19-50 

*À unique new book providing a basic reference to all normal and abnormal ultrasound appearances Scans of outstanding quality 
*Line drawings illustrating the main anatomical features of each scans Case studies indicating the applications and results of 
ultrasound investigations Corroborative evidence from other modalities included. 


ULTRASONICS IN CLINICAL DIAGNOSIS 

Edited by P. N. T. Wells 

Second edition 224 pages half tone and line illustrations cased £8-00/limp £5:50 

This new edition reflects the rise in the number of ultrasound instruments now in use throughout the world and will provide help 
in the training of medical and paramedical staff who are involved in ultrasonic diagnosis. 
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ORDER FORM Please supply 


....Parker et al. Basic Science of Nuclear Medicine £8.50 
.... Taylor Atlas of Gray Scale Ultrasonography £19:50 
....Wells Ultrasonics in Clinical Diagnosis 2E £8-00/£5-50 


Name 


Address 
Churchill Livingstone, 23 Ravelston Terrace, Edinburgh EH4 3TL 


FORGE DORE PAG TTS 17 TURA RRR ORNS RUTH 


A OANSATRET SPREE TK EEERAETEUCUCDRUSDID! 
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promising 
ology 


ogy demands a versatile examination 
em, with full provision for endoscopy, 
indard radiography, tomography and 
luoroscopy plus built-in drainage and 

— water supply facilities. All too often, such 
versatility is only achieved by expensive 
compromises. 


‘foustanding exception is the Philips 
DIAGNOST, designed from first 
principles as a dedicated urological system. 
cot lo compromises have been made in provid- 
~ ing all the facilities the urologist needs. 


Top-grade tomography. 

atthe touch of a button, with the equipment 
moving around the patient - rather than 
vice versa -for increased comfort and 
optimum image quality. 


Full-size radiography 
with an automatic serial changer. 


Image intensifier techniques 
for full fluoroscopic control and low-dose 
documentation. 


Excellent positioning and access 

with motorized tabletop shift, tilt and height 
adjustment, together with a full range of 
positioning aids, unilateral table support 
and tube assembly parking. 


~_ Uro DIAGNOST: the uncompromising 
urology system 


An easily fitted extensión piece The compact mobile control desk 
provides a longer tabletop ~~ for remote control of the table. 


.. Extra modules can be added for 
: ‘controlling the TV chain, the gener- 
- atoror other units and functions. 


HILIPS 


ir detailed information on Philips Uro DIAGNOST 


ite to Philips Medical Systems, Eindhoven, The Netherlands 
Philios Medical Svstems | td 45 Niahtinaale | ana | andan CWA4o Rey 


for intravenous pyelography. 
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Most CT scanners 


have a past. 


Ours has a future 


With the advent of the CT scanner 
a bewildering variety of systems were 
rushed onto the market- while the 
technique itself was still in a state 
of rapid development. As a consequence, 
some systems were outdated even 
before installation was completed 


Now after careful study of the 
clinical requirements, clos@:¢ensul- 
tation with the medical profession, 
and long and rigorous testing, Philips 
present the TOM AN 300: a state- 
of-the-art CTs er designed first 
and foremost as a medical instrument. 


Oc velgped and produced by a reliable 
manufacturer of medical equipment 


- 


in, write to: Philips Medical Systems 


zi" em Niola 


with years of experience in X-ray 
diagnostics, the TOMOSCAN 300 is the 
medically-oriented system that meets 
all requirements for routine clinical 
practice. It features scan times as short 
as two and a half 
seconds, and offers 
geometrical enlar- 
gement for out- 
standing image 
Quality in a variety 
Of applications - 
whole-body, cere- 
bral,and paediatric 
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USCI Positrol 11 


A range of disposable 
cardiovascular catheters 
for all procedures. 


The USCI Positrol Il range includes over 50 different 

combinations of catheter styles and sizes. All are 

superb examples of high-precision engineering, with 

the following built-in features: exclusive super-smooth 

high gloss finish to reduce vessel trauma; large lumen 

with excellent flow rate; exclusive, strong metal luer lock 

fitting to ensure safe, easy connection and above-standard 

pressure tolerance of 1000 p.s.i.; plus wire reinforced polyurethane 

shaft for efficient torque control. With patient safety in mind, they 

have excellent tip curve memory and radiopacity. They are also sterile 
packed in trays for tip curve protection, ready for immediate, once-only use. 
The Pusitrol Il range and other USC! cardiovascular catheters are available from 
Downs, so send the coupon now for full details. 


Downs Surgical ........ 


s Surgical Limited, Church Path, Mitcham, Surrey CR4 3UE, I ngland. Tel: 01-648 6291 
ne further details of 
Other USCI Cardiovascular Catheters O 





In the year 1978, 


of all the 
medical products 


submitted for the 
British Design 


Council Awards: 














The SL 75-20. 
A worldwide reputation 
coupled with one of the most 
coveted awards in industry. 


. The SL.75-20 represents a 
major step forward in the design of 
linear accelerators. 

The combination of a high 
energy electron generator, and a 
megavoltage X-ray unit in one 
compact system, offers the busy 
clinic versatility and full facilities for 
intermediate, superficial and deep 
therapy. 

Addtothis its experimental 
beam facility and itis easy to 
understand why this machine has 
been chosen by major clinics all over 
the world. 

The Design Council of Great 
Britain selected the SL.75-20 on 
three major aspects. 

Firstly, the engineering design. 
Major innovations include the use of 
magnetron power source and a beam 
control system using a 90? 
spectrometer bending magnet. 

The use of the magnetron 
allowed Philips designers to make 
considerable improvements and 





simplifications to electrical and 
electronic engineering design. 

The beam control system offers 
precise control of the beam energy 
and treatment field uniformity. 

The second aspect of the 
SL.75-20 that impressed the Design 
Council panel was the high standard 
of mechanical engineering, 
particularly the design of the ram 
typetreatment table and its smooth, 
precise operation. The ergonomic 
arrangement of the control pedestal 
was another point of favourable 
comments. 

Finally, they recognised the wide 
versatility of the machine in terms of 
usefulness to the modern clinic. 
Usefulness in application and 
economy of operation. 


If you would like to know more 
aboutthis award winning machine, 
simply contact us at one of the 
addresses below. We'll be only too 
pleased to send you brochures and 
information on the SL.75-20. 





MEL, Manor Royal, Crawley Sussex, England. 
Philips Medical Systems, 45, Nightingale Lane, London, SW12, 8SX. 
Dieisions of Philips Electronic & Associated Industries Ltd. 
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IS GIVEN. 


Manufacturers of outstanding Sponsored by the Government, 
products in both the consumer, and the Design Council was originally set 
medical equipment engineering up by the President of the Board of 
products and component fields may Trade in December 1944 as the 
receive a Design Council Award. Council of Industrial Design. Its name 

These are selected by was changed in 1972 to reflect the 
independent judging panels, and Council's extensive and growing 


products that win Design Council [X activities in the field of 

Awards are widely publicised as _ engineering design. 

examples of the best current designs ; 

in their respective fields. 
Certificates are presented to 

manufacturers of award-winning 

products by HRH The Duke 

of Edinburgh. 


The Design Council. 


Recognising the contribution 
that high standards of design 
can make to the national 
economy and overall quality of 
life in Britain, the Design 
Council's purpose is to 
improve the design of goods 
manufactured by British 
Industry. 

















controlled system suitable for a wide 
range of diagnostic applications while 
maintaining Philips high standards 

f accuracy and reliability. 

tem is highly versatile, and 

remains nely easy to operate in 
either specialized"procedures or in 
everyday routine work. 
The carefully balanced specifications 
of the DIAGNOST 80 provide for the 
economic operation of a general 
X-ray room. 


PHILIPS E) Stems 


For detailed information on Philips DIAGNOST 80 
Write to Philips Medical Systems, Eindhoven, The Netherlands 





True qualities that 
come as a revelation 


Conray 
contrast 


media 





The dependable qualities and wide scope of 'Conray 
contrast media have been clearly demonstrated throughout 
many years of use in the field of radiodiagnosis 

'Conray' offers a choice of formulations designed to 
provide wide margins of safety and comfort for the 
patient together with optimum visualization in à 
comprehensive range of procedures and techniques. 


Conray'* contrast media are formulations of meglumine 
iothalamate, sodium iothalamate or combinations of 
the two 


*trade mark of Mallinckrodt Inc 


irther information is available in the data sheet 


May & Baker Ltd Dagenham Essex RM1O 7X: 


SIE] May&Baker| M gf 


m 





eu» AGFA-GEVAERT 


Agfa-Gevaert introduces 
CURIX RP1L. 





Specially formulated for 
chest radiography. 


A new, low contrast, rapid processing film aote- Gane -— =A 

with particularly high exposure latitude. 27 Great West Road, 
Brentford, Middlesex TW8 SAX 
Tel: 01-560 2131 





We promised you a new mobile 
capacitor discharge unit. 
We've done even better. 

Qur CD 38 incorporates the 
proven features of the well 
established and successful 

D 38 mobile with the added 
benefits of capacitor discharge. 


Practical and 
easy to use 

Compact self-propelled unit 
with telescopic tube column 
and cross-arm — combining 
easy operation, extensive 

tube movements and maximum 
stability. 


High Output 

kV—range continuous from 
30-125 kV 

mAs — continuous selection 
from 4-50 mAs (250 mA 
maximum). Allows 
examinations usually restricted 
to static units 


Consistent results 
The CD 38 will operate at full 
output from normal power 
supplies, producing 
consistent, high quality 
radiographs. 


SSG 


Medical 


GEC Medical Equipment Limited, 
East Lane, Wembley, Middlesex, 
England HA9 7PR 

Telephone: 01-904 1288 

Telex: 922177 

Cables: Skiagram, Wembley. 
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improved 
working 
environment 






NEW from May & Baker 


FIXAPLUS 


Send for detailed information on 'FIXAPLUS' today. If you would like a demonstration 
we shall be happy to arrange it. 
— n — ae —  — o 


To: May & Baker Ltd Dagenham, Essex RM10 7XS 
Please provide the following for FIXAPLUS. 


| B LITERATURE L] DEMONSTRATION 








Fumes of sulphur dioxide in 
Radiographic Processing Departments 
are unpleasant and can be unhealthy. 
‘Fixaplus’ isa new, highly efficient X-ray 
fixer which helps to reduce the level of 
sulphur dioxide. 'Fixaplus' contributes to an 
improved working environment and has been 
quickly accepted by Departments where trials 
have been conducted. | 


| NAME 
POSITION 

‘Fixaplus’ is suitable for use in all processing ADDRESS. ______ 

machines. It is extremely clean and does not give 

rise to precipitation problems. It is an ideal 


companion for 'Matalex'* developer. May&Baker| ^ — e "vade mars ct May B Baker Li ] 











Trade Marks 

Kratos Limited 

Trade Mark No. B613254 consisting of the word 
"CRAYMAX' and registered in respect of "X-ray 
apparatus", was assigned on 30 December 1977 
by ASSOCIATED ELECTRICAL INDUSTRIES 
LIMITED of 1 Stanhope Gate, London, W.1 to 
KRATOS LIMITED of Barton Dock Road, Urm- 
ston, Manchester WITHOUT THE GOODWILL OF 
THE BUSINESS IN WHICH THE MARK WAS 
THEN IN USE. 








(BOUND VOLUMES) 


1) British Journal of Radiology including Archives etc. 
from 1896 to present (five volumes missing). 


2) Clinical Radiology complete from Vol. 1 to present. 


3) Acta Radiologica (Diagnosis and Therapy) 1957 to 
present, 


4) Radiology 1957 to present. 


i 8) The American Journal of Roentgenology 1937 to 
present. 


i 
| RADIOLOGICAL LIBRARY FOR SALE 
| 
| 


Offers invited, can be viewed London — X-ray 
Department, Royal Marsden Hospital, London, S.W.3. 
01-352 8171, ext. 413 








WAIKATO HOSPITAL BOARD 
SPECIALIST RADIOLOGISTS 
WAIKATO HOSPITAL 
HAMILTON, NEW ZEALAND 


Full-time radiologists required to fill vacancies in the 
Department of Diagnostic Radiology. One of these vacancies 
has been created by the appointment of the present in- 
i cumbent to the Dunedin Chair of Radiology, and the other 
by the increasing volume of ultrasound imaging being 
undertaken. It is necessary therefore that successful ap- 
plicants possess practical expertise in Diagnostic Ultrasound 
as well as in all vascular catheterisation procedures. The 
department serves a 1,000 bed active general hospital, 
acting as the base unit for 250,000 people. All specialties 
are catered for, and it is anticipated that a C.T. scanner will be 
in service within the next five years. Hamilton city is the 
centre of a rich pastoral and agricultural province, has ready 
access to all facilities for summer and winter sports, and 
possesses excellent schooling and university facilities. 


The position is of specialist status and the salary scale is in 
the range of $17,060/$22,161 plus $365 Cost of Living 
allowance plus 3.5% Special Adjustment. The commencing 
salary within the scale will be set by the Medical Officers 
Salaries Grading Committee according to the qualifications 
and experience of the appointee. 


Further information about these positions should be obtained 
from the Medical Superintendent, Waikato Hospital, 
Private Bag, Hamilton, New Zealand. Application forms and 
conditions of appointment may be obtained from the Chief 
Executive, Waikato Hospital Board, P.O. Box 934, Hamilton, 
New Zealand, with whom applications close on 30 June 
1978. 
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REVIEW ARTICLES 





The British Journal of Radiology 


The Possibility of Hazard in Medical and Industrial Applications of Ultrasound, 


by C. R. Hill 50p 
An Evaluation of Conventional Radiography in Acquired Heart Disease, 

by R. G. Grainger 50p 
The Plain Chest Radiograph in Congenital Heart Disease, by K. Jefferson 70p 
The Kinetics of Tumour Cell Proliferation and Radiotherapy, by M. Tubiana 75p 
Radiation Therapy in Diseases of Larynx, by R. Morrison 75p 
The Radiological Diagnosis of Adrenal Tumours, by D. Sutton (April 1975) 75p 
Bone Scanning, by M. V. Merrick (May 1975) 75p 
Tumour imaging Radiopharmaceuticals, by A. H. F. Paterson and 

V. R. McCready (July 1975) 50p 
The potential of Californium-252 in Radiotherapy, by E. J. Hall and H. Rossi 

(October 1975) 75p 
Craniopharyngioma: based on 160 cases, by M. Banna (March 1976) 80p 


Pancreatic Scanning, by J. E. Agnew, M. Mazeand C. J. Mitchell (December1976) 70p 


Special Reference to Children, by G. M. Steiner (March 1977) 65p 


Classification and radiographic features of uterine malformations: 
hysterosalpingographic study, by E. Zanetti, Liliana R. Ferrari and G. Rossi 


(March 1978) 


55p 


Available from the Publications Office, British Institute of Radiology, 32 Welbeck Street, 
London, W1M 7PG (remittance with order please). 
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The time... 


SET TIME TREATMENT 


= Pi 
ee U 


| 235 
6666 has come! 


FAULT e 


TREATMENT 


TEM. CRAWLEY. ENGLAND 


... to meet the requirements called for in the 
recommendations of the Radiotherapy Apparatus Safety Measures Panel 
Document R.A.S.M.P.75. Section 3, paragraph 3.11. 

THE TEM DIGITAL CONTROL TIMER for therapy units has 
been specifically designed with this in mind. 

To enable the Timer to be used with existing equipment, the 
setting and display section will fit into approximately the same space as 
a conventional Timer. Altematively, the unit complete 
with power pack can be supplied as a separate free standing unit. 


[TEM] Instruments Limited 


Gatwick Road, Crawley, Sussex, RH10 2RG, England Tel 0293 31244 
Telex 87397, Grams TESTMENT CRAWLEY 





SIEMENS 





Angioskop 


multi-directional 
angiographic techniques 
respond to the need 

for versatility. 


Angioskop means cardio, cerebral and coronary 
angiography from any angle, with all round access to 
the patient. Angioskop may also be used where 
interventional techniques are being employed; for 
biopsies with exactlocalization and many more 
advanced radiological examinations. 

Special examinations requiring a free projection 
technique are possible. Free selection of projections 
inimage intensifier and film changer operations 
(cranial, caudal and oblique) and magnification 
technique in p.a., a.p. and lateral projections. 

Other features include: rapid conversion from 
fluoroscopy to radiography; can be extended for 
biplane operation with the addition of image 
intensifier x-ray tube and 3D system; large scales 
foradjustments and reproducibility; and automatic 
beam limitation to image intensifier size for 
radiation protection. 

For full details of the Siemens Angioskop contact: 
Siemens Limited, Medical Group, Siemens House, 
Windmill Road, Sunbury-on-Thames, Middlesex TW16 7HS. 
Telephone: 09327 85691. 


In the world of 
radiographic equipment 
Siemens has the answer. 





Receptor lift 
with or without _ 
revolver mechanism. 


| Fixed holder 


for x-ray tube 


Centre arm 
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The Consultant's 
diagnosis resulted in an 


excellent prognosis. 

















""This will be a great aid to the work of the 
Department” he said of the Barr & Stroud Rapid Cassette 
Changer. Its major feature is that it enables 5 serial 
angiographs to be taken in § seconds. 

For full details use the journal reply system or call us, 
Barr & Stroud Limited (Dept. BJR3), 1 Pall Mall East, 
London SW1Y 5AU. 

Telephone 01-930 1541. Telex 261877. 


Rapid Cassette Changer SQ13 
Although manually operated this Changer enables 
one exposure per second to be achieved easily, in 
either plane. 

Designed for use on Schonander or Barazzetti 
skull units it can be used on others with suitable 
modifications 

Our mounting ensures vibration free 
operation and the chamber design compensates 
for divergence of the X-ray beam. 
The 'L' design of the unit allows lateral 
or AP views to be taken without needing to 
reposition the patient's head. 

Strongly constructed in alloy with a 
white perspex overlay the SQ 13 measures 
$3 X 48 X 46 cm., weighs 17 Kg empty and 

48 Kg when loaded with 5 cassettes. 
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MEDIC. a AND SCIENTIFIC INSTRUMENTATION 
ECTRONIC FILTERS. OPTICAL FILTERS 
FIBRE OPTICS, LASERS 


A new perspective in electron therapy: 
the SL 75-14 


As the first company to intro- energy electron therapy is no investment for the busy therapy 

duce practical linear accele- longer confined to a few highly department, enabling the 

rators operating in electron specialized clinics. Sharing the therapy staff to work at maximum 

energy ranges up to 20 MeV, high standards of mechanical efficiency with minimum stress 

Philips have opened up new and electronic engineering 

perspectives in radiation which characterize the SL 75 

therapy. Experience has now range, the SL75-14 is a compact 

shown that electrons in the 14 linear accelerator offering 

MeV range, together with 10 electron energies from 4 to 14 

MV X-rays, provide the best MeV, with rapid changeover >: ERS: S 

results in the vast majority of to 10 MV X-rays Cede dica Systeme Div on T 

modern applications Building QM, Eindhoven, The Netherlands 
Designed.- and built - for years aisial Systems td 

With the SL75-14, a new addi- of trouble-free service, the SL 45 Nightingale Lane Balham 

tion to the Philips range, high- 75-14 is a sound economic London SW 12 8SX 
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than meets 
the eye. 


You'll know them for their X-ray products. 








Yes, but that's only part of the picture. 


Did you know they make Microfilm products for recording 
computer output and for image retrieval systems in banking and 
industry-even the security recording of the millions of football 
coupons returned each week. 

Pick up any newspaper or magazine and not only are 
ILFORD films and papers likely to have been used for the illustra- 
tions, but ILFORD Graphic Arts materials probably played a part 
in printing them on the page. 

Photographic products as diverse as Surveillance film 
used in banks and high-risk security areas, Nuclear Emulsions, 
Cibachrome Colour Printing materials for professionals and 
amateurs- all come from the international complex that is 
ILFORD. 

And they believe in after sales and technical service to 
support the full range. 


That's why we say there's more to ILFORD than meets 
the eye. 


ILFORD 
X-RAY 


ILFORD Limited, Basildon Essex. 
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You'll find they're all made to the same high 


standards. Ask vour Kodak Technical Sa 
tative about 
Kodak 'Lanex' Regular Screens 
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Kodak'X-Omatic' Cassettes —sp« 
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ent film/screen 


Kodak Ortho G Film—optimum high contrast 
and excellent information content. Green sensitivity 
matches light-emission characteristics of green-emitting 
screens. 

Kodak RP '*X-Omat' Processor, Model 101 — 
low cost, low noise, high speed automatic processing with 
cold water wash 

Kodak ‘X-Omatic’ Identification Camera 
Model X-1-L —allows the radiographer to record patient 
data on the radiograph at the point of exposure. 
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WE'RE OLD FASHIONED 


Old fashioned letter headings which actually 
show the exact nature of our business which is the 
supply of X-ray accessories, and has been since 1910. 

Old fashioned invoices written in old fashioned prose. 

Old fashioned courtesy in replying promptly to 
correspondence, however trivial. 

Old fashioned direct-line telephones to 
executives, 

Old fashioned standards of working until the 
job is done. 

Old fashioned offices with a Preservation Order, 
cosy adjustable gas-fires and wall-to-wall carpets. 

Old fashioned flower garden with a wrought-iron 
gate to the church-yard (yes, we know this one leaves 
us wide open to wise-cracks). 

Old fashioned warehouse in a range of cottages in 
Cow Lane. 





If you like concrete structures, computers, 
switchboards who leave you in the air, minimum-order 
conditions and all the other ideas adopted by progressive 
firms, we are not for you—but you'd be surprised to 
know how many people seem to be old-fashioned enough 
to deal with a firm like us. 


VERYTHING 
X-RAY 


since 1910 


CUTHBERT ANDREWS 


EVERYTHING X-RAY LTD. 


5 HIGH STREET, BUSHEY VILLAGE, WATFORD WD2 IBE 


Overseas telegrams: EXRAYZE WATFORD Telephone: 01-950 2525 
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Review article 


The sensitivity of the human breast to cancer induction by ionizing 


radiation 
By R. H. Mole, B.M., F.R.C.P., F. R.C.Path. 
MRC Radiobiology Unit, Harwell, Oxon OX11 0RD 


(Received December, 1977 and in revised form February, 1978) 


It is often difficult to accept that cancer induction by 
small doses of radiation is more than a theoretical 
possibility but actually happens. Indeed it is only 
quite recently that confirmatory evidence of con- 
siderable weight has become available to support the 
conclusion that the breast may be more sensitive to 
cancer induction by ionizing radiation than any 
other human tissue. 


EVIDENCE THAT IONIZING RADIATION 
CAUSES BREAST CANCER IN HUMANS 
Multiple fluoroscopy as employed in the treatment of 
pulmonary tuberculosis by artificial pneumothorax 

Two groups of female patients have been followed 
up for ten to 44 years (mean follow-up each ex- 
ceeding 25 vears) (in Nova Scotia by Myrden and 
Hiltz, 1969; BEIR, 1972, and in Massachusetts by 
Boice and Monson, 1977). In the first series breast 
cancer incidence was five times, in the other twice, 
what would be expected in controls (tuberculous 
patients treated without pneumothorax, or regional 
population statistics). Other series may fail to show 
an increase but this is to be expected given the 
numbers of subjects, the magnitude of the breast 
doses and/or the use of mortality instead of incidence 
as the index of effect. 

In the two surveys mentioned there was an ap- 
proximately linear relationship between excess 
breast cancer incidence and number of fluoroscopies. 
This is as would be predicted from the simple 
hypothesis that cancer frequency caused by multiple 
small doses of radiation would be proportional to 
total accumulated dose. Of course the dose for an 
individual fluoroscopic examination is impossible to 





Copies of this article may be obtained from The British 
Journal of Radiology, 32 Welbeck Street, London W1M 
7PG at a cost of 60p; remittance with order please. 


determine with any accuracy so many vears later 
even if the original equipment is available for cali* 
bration of output dose-rate (as it sometimes is): the 
duration of an individual fluoroscopy is an unknown 
variable. However, this does not alter the demon- 
stration that breast cancer induction has been 
linearly proportional to number of fluoroscopies nor 
does it altogether falsify estimates of breast cancer 
risk per rad of tissue dose. These estimates have to 
be based on a decision about the average duration 
of a fluoroscopy as it was practised in particular 
institutions several decades ago and over a period of 
years and the risk estimates quoted below may thus 
be in error by a factor of perhaps 2 to 5, quite apart 
from statistical considerations, but they cannot be 
wholly wrong. 


Radiotherapy of post-partum mastitis and other 
non-malignant diseases of the breast 

The tissue doses here are known fairly exactly but, 
to set against this, the irradiated tissue was not 
normal and the individual treatment doses were ten 
to 100 times larger than for individual fluoroscopic 
examinations. The observations, therefore, cannot 
be so easily assumed to be relevant to occupational 
exposure or screening by mammography. 

Radiotherapy of acute post-partum mastitis in 
New York led to a doubled increase in breast cancer 
incidence as compared with non-irradiated cases or 
sibling controls (Mettler et al., 1969; Shore et al., 
1977). Radiotherapy of a variety of benign breast 
diseases in Stockholm with considerably larger total 
doses increased expected breast cancer incidence by 
four to six times (Baral et al., 1977). 


Japanese bomb survivors 
By 1969 the incidence of breast cancer in those 
exposed to ten or more rad (kerma) was increased by 
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TABLE I 


BREAST CANCER MORTALITY IN JAPANESE BOMB 
survivors 1950-1972 
(primary data in Tables 2 and 13.2-13.5 of 
Morivama and Kato, 1973). 





Age at time of 
irradiation (years) 





0-9 354 
| Breast cancer deaths 
Nurnber observed for all 0 
exposures of 10 rad (kerma) 
or more 

Number expected: 


1 
i ' 
| (a) from experience of those 0 
| 
| 


20 


19.3 
who received 0-9 rad, 
{b) from Japanese national 
| statistics. 
Excess rate per 100000 
person-years in those who 
received 10 rad or more* 
» Base-line (a) 0 
| Base-line (5) 


i 
Lo pan -— 


very 12.6 


small 








De 
om 











*() Whether there is a striking difference in age-related 
sensitivity to breast cancer induction or not depends 
entirely on the choice of the control population. It so 
happens that bomb survivors receiving 0-9 rad at age 35 4- 
years suffered 41 breast cancer deaths in 1950-1972 as 
compared with an expectation of 26.9 as judged by Japanese 
national statistics. This difference is too great to be at- 
tributed to the mean radiation dose received by the 0-9 rad 
group. It may be attributed to chance, in which case the 
national statistics would provide the appropriate base-line 
for risk evaluation, or to some systematic difference between 
the bomb survivor population and the generality of Japanese 
(which seems very likely), in which case the 0-9 rad group of 
survivors would provide the better base-line. 

Gi} MeGregor et al. (1977, Table 3) used base-line (a) when 
comparing frequencies of breast cancer diagnoses. The 
excess rates per 100000 person-years were 0, 18.8 and 7.8 
for the three age-groups respectively for the period 1950-69. 
‘The ratio between the rates for those irradiated at 10-34 
wears and 35-+ years was smaller for diagnoses than for 
mortality by about 1:4. McGregor et al. (1977) noted that 
the main contribution of new cases after 1960 was from the 
10-34 vear age group and also that ascertainment for 
diagnoses i in 1965—69 was likely to be incomplete. 


a factor of 1.5 to 2 over those receiving 0-9 rad 
(McGregor et al, 1977). By 1972 mortality from 
breast cancer was also one and a half times to twice 
that expected (UNSCEAR 1977) and was largely 
confined to those irradiated when less than 35 years 
of age (Table I) The incidence of breast cancer per 
rad was closely similar at Hiroshima and Nagasaki, 
for deaths (Mole, 1975) and for diagnoses 
(McGregor et al, 1977), showing that the RBE of 
fission neutrons cannot much exceed one for 
induction of breast cancer In women. 

The full reports of four of these surveys have just 
been published and substantial citations from all of 
them can be found in two very recent reviews 
(Upton et al., 1977; UNSCEAR 1977). The results 


discussed below are extracted from one or other of 
these unless specifically referenced. 


APPLICATION OF THIS EVIDENCE TO 
PRACTICAL PROBLEMS 

The mean absorbed dose to breast tissue for an 
individual fluoroscopic examination was inferred to 
be 7.5 or 3.6 rad in the Nova Scotia series, depending 
on the method of assessment, and 1.5 rad in the 
Massachusetts series. At levels of dose from 10 rad 
of low LET radiation downwards there is no known 
radiobiological reason for expecting much variation 
in frequency of effect per rad according to the 
magnitude of an individual exposure or according to 
the number of successive, spaced exposures. It is 
perhaps remarkable, given all the other problems of 
analysis, that the overall risk estimate per rad is so 
similar in the two fluoroscopy series (Table 11). It is 
further remarkable that the risk estimates for the two 
radiotherapy series agree so well with each other and 
with the fluoroscopy series (Table IT). 

These estimates are primarily for young adult 
women and, although many fewer older women were 
serially fluoroscoped, the evidence (‘Table H) may 
suggest quite strongly that older women are less 
sensitive. However, the risk estimate for incidence in 
Japanese bomb survivors appears not to be strikingly 
greater for young than for older adults (in contrast 
with mortality, see Table I). Upton et al. (1977) 
cited an unpublished report of an increase in second 
breast cancers in women given radiotherapy for a 
first breast cancer with a risk estimate comparable to 
those for the other series: if all the second cancers 
are attributable to the dose received by the ir- 
radiated breast it might appear that older women 
cannot be strikingly less radiosensitive than younger 
women. However, it seems clear from the Mas- 
sachusetts fluoroscopy series and the Japanese bomb 
survivors (both for incidence up to 1969 and mor- 
tality up to 1972) that the maximum sensitivity to 
breast cancer induction by radiation is in women at 
some period between 10 and 20 years of age. There 
are case reports of breast cancer following doses 
exceeding 100 rad in the age range 0 to 10 years but 
the epidemiological evidence is that sensitivity ts 
much less before puberty than afterwards. It is 
certainly an attractive working hypothesis to postu- 
late that the sensitivity of the human breast to 
cancer induction by ionizing radiation is correlated 
with hormonally regulated tissue activity. 

The risk estimate for induced breast cancer fre- 
quency in Japanese bomb survivors is lower than any 
other value in Table II and some of the difference, 
but not all, is removed by allowing for the much 
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TABLE H. 
RISK ESTIMATES OF INDUCTION OF HUMAN BREAST CANCER BY IONIZING RADIATION WHEN BOTH BREASTS ARE EXPOSED, 








| Frequency of breast cancer in excess of controls 





Notes on information relevant to 
variation in radiosensitivity with 


























per million subjects per rad mean breast vears of age at exposure* 
dose follow-up 
UNSCEAR 1977 Upton et al., 1977+ range | 
f in years 
| Fluoroscopy 30-140 1501 10-28 20 cases in No breast 
| Nova Scotia ("perhaps greater”) excess in 234 cancers in 66 
| | subjects up to subjects aged 30 
29 years old years and more 
Massachusetts 113 210 10-44 18 cases in No excess cases 
(mean 27) | excess in 804 in 243 subjects 
| subjects up to aged 30 years 
29 vears old and more 
Radiotherapy 
Acute post-partum — 200 10-34 20 cases in excess in 560 subjects 
mastitis (New York) i (mean 25) | up to 40 vears old 
Benign breast disease 175 — | 6-42 About 100 cases in excess in 1115 e 
(Stockholm) (mean 32) | subjects. Excess most pronounced 
in those under age 35 when 
| irradiated. 
Atom bomb survivors 
Japan oe 603 5-24 About 33 cases in excess (all ages 
known doses). Excess rate at 35 ^ 
vears perhaps 1/4—1/2 of rate in 
voung adults 











*The number of cases in excess of expected depends on the control population used for the comparison and, since more than 
one control population was examined in several of the surveys, the excess noted may be an approximate figure. 

+Upton et al. reported risks in terms of cases per million per year per rad. These annual rates have been converted to total 
risks by multiplying by the duration of follow-up as given and recorded above. 


1320 if mean breast dose — 3.6 rad, not 7.5 rad. 


SExcluding subjects irradiated at < 10 years. The risk estimate given by Upton et al. was in terms of exposure. The value 
given above includes an approximate allowance for mean dose in breast tissue which is smaller than kerma. 


higher proportion of older women amongst them 
than among those fluoroscoped or treated for acute 
post-partum mastitis (who in the nature of the case 
can rarely be more than 40 years’ old when ir- 
radiated). Additional factors could be the normally 
lower natural breast cancer incidence in Japan than 
in occidental countries or the fact that the Japanese 
received single exposures all exceeding 10 rad (by 
definition, cf Table I) and running up to several 
hundred rad. The observed excess rate per rad 
appears to be smaller at the large doses both for 
incidence and mortality (though not significantly so 
in a statistical sense). Radiobiological reasons for 
expecting such a phenomenon have been discussed 
(Mole, 1975) and, if accepted, would bring the 
Japanese rate for single small exposures to a value 
quite close to the others in Table IL. But, whatever 
the factors affecting the value of the mean risk 
estimate in Japanese bomb survivors, the weight of 
the other evidence seems inescapably to lead to the 
conclusion that the two adult human breasts are 
between them several times more sensitive to cancer 


induction than is human bone marrow. Risk esti- 
mates per rad of tissue dose for human leukaemia as 
commonly given rarely exceed one-quarter of the 
values for breast cancer given in Table Il. An 
estimate of 15-25 cases per million per rad for low 
LET radiation at low dose is given by UNSCEAR 
(1977) and twice that by Mole (1977). 

'The minimum latent period before any induced 
breast cancer was seen was 10-15 years for fluor- 
oscopy and radiotherapy but perhaps shorter in 
Japanese bomb survivors. The observations show 
that induced cases continue to appear for up to 40 
years at least after exposure. 





Mammography 

Any risk of inducing breast cancer by mam- 
mography must be definitely smaller than the ex- 
pected benefit if screening of well women by mam- 
mography is to be used on a population scale 
(Bailar, 1977). There seem to be two reasons for 
limiting such screening to women of 50 years and 
over. In the United States HIP trial of the value of 
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mammmography in the early diagnosis of breast 
cancer (Shapiro, 1977) there has so far been no 
benefit for those under the age of 50. Secondly, the 
risk of mammography seems likely to be smaller at 
older ages because the natural expectation of life is 
then becoming shorter than the latent period for a 
proportion of the induced cancers and, in addition, 
the risk per rad of breast tissue dose may be smaller 
than for younger women. Further analysis of the 
Stockholm radiotherapy series and of data from the 
Japanese bomb survivors (see footnote Table I) may 
allow firmer conclusions about this latter question. 


Other diagnostic radiology 

If the Adrian Committee in 1956 had known what 
is known now about the radiation sensitivity of the 
human breast, it seems highly probable that it would 
have sponsored estimates of population breast dose 
from routine diagnostic radiology as well as esti- 
mates of bone marrow dose. Even without this 
information it may seem unlikely that medical 
radiology contributes significantly to the total of 
naturally occurring breast cancer. 


Occupational exposure and radiological protection 
Because of the growing evidence about the sensi- 
tivity of the human breast to cancer induction by 
ionizing radiation the recently revised (1977) Rec- 
ommendations of the International Commission on 
Radiological Protection (Publication 26) have made 
exposure of breast tissue more restrictive than ex- 
posure of bone marrow. It may be noted that ICRP 
(1977) cited for protection purposes a single compro- 
mise value for the sensitivity of the human breast to 
be applied regardless of sex and age. Males are much 
less sensitive than females and the evidence for a 
progressive decrease in sensitivity of females from 
voung adulthood to middle and old age has been 
alluded to. The ICRP compromise is appropriate 
for practical application because its dose limits are 
limits on annual dose and the associated risk is 
linked to the assumption of life-long exposure at the 
limit. Thus any increased risk per year's exposure 
for younger women is counterbalanced by the de- 
creased risk per vear's exposure for older women. 
Refined calculations could be made by considering 
only the risk to females and by taking account of 
what is known about the distribution of latent 
periods for radiation-induced breast cancer after a 
brief exposure, Young adult women are highly 
represented amongst those occupationally exposed 
in the medical services. This is just another reason 
for making sure that X-ray departments are well- 


run. Specific restrictions on exposure of female 
staff beyond those already recommended by ICRP 
may seem unjustified. 


Biology of breast cancer 

Since radiotherapy is commonly part of treatment 
for breast cancer and since the untreated breast is 
bound to receive some dose (depending on the 
technique used), the observations discussed above 
would lead to the prediction that subsequent fre- 
quency of breast cancer would be raised in the 
untreated breast and that this increase in frequency 
would be more conspicuous the younger the age at 
which the treatment had been given. Both predic- 
tions appear to be supported by observations. At ten 
to 15 years after treatment of breast cancer the fre- 
quency of cancer in the untreated breast was found 
to be four-fold greater than that expected from 
national statistics (Brinkley and Haybittle, 1968). 
The risk of occurrence of a second primary breast 
cancer in the other breast was markedly dependent 
on the age at diagnosis of a first breast cancer, in one 
survey being 84-fold higher for those aged 20-24 
years and four-fold higher for those aged 40-44 
years at the time of the first diagnosis (Waterhouse 
and Prior, 1975). However there is as yet no evidence 
to tell how much of these observed differences may 
be attributed to biological factors and how much, if 
any, to radiotherapy. Known biological factors, such 
as cystic mastitis and the length of the time interval 
between the menarche and the first pregnancy, 
seem responsible for only a three to four-fold differ- 
ence in risk of breast cancer (MacMahon and Brown, 
1973). Now that the high radiation sensitivity of the 
human breast is established, the effect of radiation 
dose on the untreated breast must be evaluated 
before accepting quantitative conclusions about 
genetic or other influences derived from epidemi- 
ological reports on the occurrence of a second cancer 
in individuals who have already had a first breast 
cancer. 


Concluding comment 

No attempt is made here to make recommen- 
dations about the use of radiotherapy in breast 
disease or about mammography as a screening pro- 
cedure aimed at detecting early breast cancer and so 
improving the results of treatment. In each case the 
balance of risk and benefit can be established only by 
careful study of all the factors involved. The purpose 
of this brief review is merely to provide a short 
summary of quite recently acquired information 
about just one of these factors. 
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Book review 


Growth Kinetics of Tumours (Cell population kinetics in rela- 
Hon to the growth and treatment of cancer). By G. G. Steel. 
pp. xi 4-351, illus., 1977 (Oxford, Clarendon Press) £15-00. 

This book provides us at last with a comprehensive, 
authoritative and very readable account of cell kinetics in 
tumours. It fills a gap that has been glaringly obvious. This 
volume must be considered an essential part of any Library 
on Cancer Research, and at £15-00 for 350 fact-filled pages 
it also represents excellent value. 

The information is clearly presented with plenty of 
diagrams, and Dr. Steel stresses the evaluation of data rather 
than simply its accumulation. There are two chapters on the 
overall growth rate of tumours and the theory of growing 
populations of cells. These are followed by an account of the 
techniques available to study tumour cell production and 
cell loss. ''he most commonly used technique (percent of 
labelled mitoses) is the subject of a whole chapter, including 
a very useful summary and intercomparison of the computer 
programmes available for analysing such data. Other less 
commonly used techniques are comprehensively surveyed, 
although surprisingly little space is allotted to cytofluoro- 
metry and cell sorters. 

Dr, Steel provides an excellent summary of the prolifer- 
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ation studies that have been reported for both experimental 
and human tumours. He stresses the importance and the 
inadequacy of data on solid tumours, and perhaps his 
account will stimulate further work. He analyses the 
relevance of tumour size, of transplantation history and of 
the microanatomical structure in experimental tumours and 
highlights the lack of data on spontaneous tumours. 

The chapter on stem cells presents an unbiased account of 
the evidence for and against their existence, and is a useful 
introduction to the clonogenic cell assays available for use on 
treated and untreated tumours. This leads into the discus- 
sion of the response of tumours to various cytotoxic agents. 
He emphasizes that to the cell kineticist cvtotoxic drugs and 
radiation would naturally be classed together. This book 
may help to encourage interaction between groups whose 
interest at present is restricted to either drugs or radiation. 

The book ends with a glossary of terms (essential for any 
newcomer) and a list of "growing points'' which are likely to 
encourage other researchers to include cell kinetic analyses 
in their future work. Armed with this book they could do so 
with confidence. 

A most stimulating and rewarding book to read. 

J. DENEKAMP. 
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The misplaced caecum and the root of the mesentery 
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ABSTRACT 

Pive cases presenting in late infancy and childhood with 
symptoms and signs referable to malrotation of the midgut 
sre described. 

‘The condition may present with jaundice, malabsorption 
er the signs and symptoms of intestinal obstruction due to 
internal hernia or volvulus. It may also result in volvulus 
and gangrene of the midgut. A short root of the mesentery 
predisposing to this event will be seen on a barium meal and 
follow through examination and will warn of its impending 
occurrence. 


Problems in the neonatal period due to malrotation 
ob the midgut are well known. Less well appreciated 
is the fact that malrotation can cause serious prob- 
lems in older infants and children (Estrada, 1958; 
Pochaczevsky et al., 1972; Firor and Harris, 1974). 


EMBRYOLOGY 

Diagnosis of the problem depends on a know- 
ledge of the embryology of the midgut. The scheme 
which seems to fit the clinical facts best is that of 
Snyder and Chaffin (1954). They postulate that the 
fetal midgut loop rotates 270° anticlockwise around 
the superior mesenteric artery (SMA) as it returns to 
the abdomen from the umbilical cord. Each end 
undergoes rotation independently of the other (Fig. 
1 and Fig. 2). 

The duodeno-jejunal segment rotates behind the 
SMA so that the duodeno-jejunal flexure comes to 
lie to the left of L1 or 2. The caecocolic segment 
rotates in front of the SMA till the caecum lies in 
the RIF where it ts fixed and becomes a retroperito- 
neal structure. Often fixation is incomplete and the 
caecum remains mobile on a mesentery; the cause of 
the “high” caecum which is generally not thought to 
have any clinical significance. The normal midgut 
therefore shows the following features: 

1. The duodeno-jejunal flexure lies to the left of 
L1 or 2. 

2, The small bowel lies mainly in the left side of 
the abdomen. 

3. The caecum lies in the RIF but may move out 
of position if on a mesentery. 

in a patient with malrotation any one or all of 
these factors may be at fault. 


PATHOLOGY AND CLINICAL FINDINGS 
The midgut is suspended from the posterior 
abdominal wall by a mesentery with a long root 


running from the DJ flexure to the caecum. Should 
the root of the mesentery be short, as in malrotation 
when the DJ flexure and caecum tend to approach 
each other, volvulus of the midgut is more liable to 
occur; this will first obstruct the venous blood 
supply leading to congestion of the bowel and then 
the arterial supply leading to gangrene. Chronic 
congestion of the bowel can give rise to malabsorp- 
tion. The twist of the bowel itself will cause obstruc- 
tion; if the common bile duct is twisted, jaundice 
will result. 

Malrotation is associated with the formation of 
fibrous bands that usually run from the caecum 
across the duodenum (Ladd's bands) and thereby 
obstruct it. There is also an increased incidence of 
internal herniae with malrotation. 

The patient may therefore present with: 

1. Abdominal pain and vomiting due to obstruc- 
tion of the bowel lumen by a twist, fibrous band or 
internal hernia. Obstruction of the blood supply will 
give rise to similar symptoms. 

2. Jaundice due to twisting of the common bile 
duct. 

3. Malabsorption due to congestion. 

The abdominal pain may be intermittent and 
chronic, or the illness may be very acute with 
gangrene of the bowel leading to death. 


RADIOLOGY 

The radiological diagnosis of malrotation of the 
midgut is complicated by the fact that the caecum so 
frequently lies outside the RIF. It is subhepatic in 
6-6.5% of cases according to Estrada, 1958. A 
mobile caecum has been noted in up to 36945 of 
patients (Bruns and Lassrich, 1969). A "high" 
caecum cannot therefore, on its own, be regarded as 
pathological. 

Since volvulus only occurs if the attachment of 
the mesentery to the post-abdominal wall, z.e., the 
root of the mesentery, is short it would be very 
useful to be able to estimate its length radiologically. 
'The feasibility of doing this was investigated in 
post-mortem material. The ends of the root of the 
mesentery were marked out at post-mortem with 
surgical clips with all the viscera in situ and then 
X-rayed. It soon became obvious that the left end of 
the root coincided with the DJ flexure but that the 
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Fic. 1. 


Diagrammatic representation of 270° anticlockwise rotation of duodeno-jejunal segment 
of midgut. Duodenum comes to lie behind the superior mesenteric artery, the DJ flexure 
to the left of the upper lumbar spine. 


right end and the tip of the caecum did not bear a 
constant relationship to each other. Accordingly, the 
tip of the caecum was also clipped. This procedure 
was carried out in 23 patients (Fig. 3). 

From these few patients it became apparent that 
the position of the tip of the caecum was very 
variable indeed and that the tip of the caecum could 
lie a considerable distance from the right end of the 
root of the mesentery. However, in none of the cases 
did the right end of the root of the mesentery lie to 
the right of the tip of the caecum. Thus, in none of 
our post-mortem cases did the length of the root of 
the mesentery exceed the distance from the DJ 


flexure to the tip of the caecum. This distance could 
therefore be taken to represent the maximal possible 
length of the root of the mesentery. In none of the 
cases did the DJ flexure lie in the right side of the 
abdomen or the tip of the caecum in the left side. 
The radiological examination to outline these 
landmarks is a barium meal and follow through. A 
barium enema will not give any information about 
the position of the DJ flexure and therefore on the 
estimated length of the root of the mesentery. 


[ Case HISTORIES 
Case 1. 'This little boy had been a poor feeder and consti- 
pated from birth. A barium meal had shown the small 
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bowel and D] flexure on the right. (Fig. 4). He failed to 
thrive and was readmitted at 14/12 with retching and 
constipation. A barium enema showed a high caecum 
tFig. 5). 

By putting the two barium examinations together it is 
easy to see he has a short root of the mesentery. This was 
found at operation together with malrotation leading to 
venous and lymphatic congestion of the small bowel. The 
malrotation was corrected by placing the large bowel on the 
ieft of the abdomen and freeing adhesions. The patient has 
done well since. 


Case 2. This four months old girl suffered from persistent 
obstructive jaundice for which no cause could be found. A 
barium meal and follow through was difficult to interpret. 
However, in the lateral view the stomach was rotated 
forwards (Fig. 6). In normal babies the stomach lies 
horizontally across the upper abdomen and the antrum and 
duodenum point backward, At 18 hours (Fig. 7), there was a 


persistent collection of barium on the right, the small bowel 
lay on the right and at 24 hours the appendix lay high in the 
right flank. 

At operation the common bile duct was twisted and 
blocked and the stomach had herniated through the foramen 
of Winslow (Fig. 8) This is an example of an internal 
hernia and twisted bile duct associated with malrotation. 


Case 3, SÜ-month-old girl. Four months history of vomiting 
and loose motions, and abdominal distension. Plain film of 
the abdomen showed enormous distension of the bowel. 

A barium enema showed a normal large bowel with the 
caecum in the RIF. Barium meal and follow through (Fig. 
9), showed the DJ flexure in the wrong place (in the right 
side of the abdomen) and marked small bowel distension. 
At operation a fibrous band obstructing the distal ileum was 
found and resected. Usually fibrous bands associated with 
malrotation obstruct the duodenum so this case is unusual 
in this respect. 





Fic. 2. 


Representation of rotation of caecocolic segment of midgut. Transverse colon lies in 
front of the SMA and the caecum in the RIF. 
Figures 1 and 2 reproduced by kind permission from article by G. W. H. Snyder and 
L. C. Chaffin, 1954. Annals of Surgery, 140. 
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Fic. 5, Case I 


Barium enema, Caecum displaced out of the RIF. The 

distance from the DJ flexure to the tip of the caecum (the 

longest likely length of the root of the mesentery) is very 
short. 





Fió.3 
Post-mortem identification of root of mesentery. Single 


clips mark ends of root of mesentery, double clips the tip of 
the caecum 





Fic. 4. Case 1. Fic. 6. Case 2. 


Barium meal shows DJ flexure and small bowel in right side Barium meal. The stomach is rotated forwards in this lateral 
of abdomen. view, 
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Fic. 7. Case 2. 


Barium meal and follow through. 18 hours. Large collection Fic. 9. Case 3 
of barium in the right hypochondrium. Small bowel lies on 


Barium meal. DJ flexure and small bowel on right. The 
the right indicating malrotation of midgut. 


caecum in this patient was in normal position. 





STCOACH 


Fic. 8. Case 2. 


Post-mortem drawing. Stomach has herniated through Foramen of Winslow. Common 
bile duct is twisted. 
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Fic. 10, Case 4. 


Barium meal. Normal position of DJ flexure and small 

bowel. Plain film appeared to show the caecum in the RIF. 

At operation the caecum lay in the left hypochondrium and 
malrotation was present. 





Fic. 11. Case 5 


Barium meal. DJ flexure slightly low. Small bowel dis- 
placed to right. 
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Fic. 12. Case 5. 


Barium enema. Caecum in right hypochondrium. Distance 
from DJ flexure to tip of caecum very short 


Case 4 12 years. This boy was first seen at seven years when 
he complained of right sided abdominal pain and vomiting. 
He was investigated in 1971, 1972, 1973, 1976 and labelled 
"periodic syndrome". An upper intestinal study (Fig. 10) 
was normal. A plain film of the abdomen appeared to show 
the caecum in the right flank. An IVP and cystoscopy were 
normal. Finally, he was admitted as an emergency and at 
operation for suspected appendicitis his caecum was found 
in the left hypochondrium. The mesentery was congested 
and there were numerous adhesions. These were lysed and 
the malrotation corrected. He has done well since. 

This is an example of chronic intermittent volvulus 
giving rise to intermittent symptoms. It underlines the need 
to carry out a full barium meal and follow through examin- 
ation. The position of the caecum cannot be reliably judged 
on plain films in children since the filled sigmoid colon often 
comes to lie in the RIF and can be mistaken for the caecum. 


Case 5 six years, Seen in casualty with acute abdominal pain. 
Thought to have had pneumonia but a barium meal and 
follow through arranged (Fig. 11). The DJ flexure was 
displaced caudad and overlay the lumbar spine. The small 
bowel was displaced to the right although it still overlay the 
spine. The caecum was "high" in the right hypochondrium 
(Fig. 12). Subsequently the patient was admitted with 
another acute attack of abdominal pain and at operation was 
found to have a volvulus with gangrene of the whole small 
bowel. At post-mortem, the root of the mesentery was only 
5 cm long. 

This case was mistaken for a simple "high" caecum. 
However, from the positions of the DJ flexure and of the 
caecum, the length of the root of the mesentery was also 
short radiologically and the diagnosis of malrotation should 
have been taken more seriouslv. 
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DISCUSSION 
The significance of the radiological signs of mal- 
rotation appears to vary with age. There is general 
that malrotation is a definite cause of 
problems in the neonate. 


agreement 


B 


Fic. 13 


Adult patient complaining of abdominal pain. The root of 
the mesentery is long. Malrotation present 


(A) Small bowel on right. 


(n) Caecum in left side of pelvis. 





Every radiologist must come across adult patients 
with a displaced DJ flexure, displaced small bowel 
and caecum (Fig. 13 4 and B). 

These patients usually have a barium examination 
for abdominal pain and although Friedland et al. 
(1970) have described similar cases which have been 
relieved by the removal of Ladd's bands crossing the 
duodenum, these patients are often regarded as 
suffering from psychosomatic disease and are not 
surgically. However, may 
whether the ''psychosomatic" 


treated one wonder 
Symptoms are not 
really due to malrotation. These patients do not 
suffer from the catastrophic complication of acute 
volvulus and gangrene of the midgut. Either the root 
of the mesentery is still quite long in spite of the 
malrotation or enough adhesions have formed in the 
course of years to prevent an acute volvulus. 

The group of patients described in this paper, 
neither neonates nor adults but in the first decade 
and a half of life, are more difficult to assess. It is in 
these patients that a radiological assessment of the 
root of the mesentery would be most useful. An 
accurate assessment is, unfortunately, impossible 
The left end is accurately marked by the DJ flexure 
but the right end does not coincide with the tip of 
the caecum. All one can say is that the tip of the 
caecum marks the greatest length possible and that 
the right end of the root of the mesentery lies medial 
to it. The distance from the DJ flexure to the tip of 
the caecum can, therefore, be taken as a rough guide 
to the maximum possible length of the root of the 
mesentery. 

How short is too short? No criteria exist for this. 
However, a mental comparison between the expected 
length and the estimated length will allow a sub- 
jective opinion to be given. 

Fibrous bands (Case 3) or internal hernia as the 
cause of the symptoms (Case 1) should also be 
considered in association with malrotation. 


CONCLUSION 
Abdominal pain is very common in childhood, 
malrotation However, if 
the pain is persistent and debilitating, malrotation 
should be considered. It should also be considered as 


symptomatic very rare. 


one of the rarer causes of jaundice, malabsorption, 
intestinal and failure to thrive. The 
examination of choice is a barium meal and follow 
through. When the condition is found and the root of 
the mesentery is estimated to be short, volvulus and 


obstruction 


gangrene of the small bowel are definite possi- 
bilities and an urgent surgical opinion should be 
sought. Fibrous bands as the cause of symptoms 
should also be considered. 
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Book review 


The fundamentals of X-ray and radium physics. By Joseph 
Selman, pp. xxx--586 illus., 6th edn, 1977 (Charles C. 
Thomas, Springfield, Hlinois, USA), $18.75. 

'This is the sixth edition of the book, first published in 
1954, One might, from the title, expect to find a treatise in 
depth of fairly advanced physics underlying the use of 
X rays and radioactivity. It is however designed as a teaching 
text for X-ray technicians, i.e. radiographers. I would like to 
quibble over the title a little further in that only about half of 
the book is really devoted to physics; the other half deals 
with radiography and technology with a little physics 
included where necessary to clarify the explanations. 

Having said this, it must be stated that the book is 
excellent, comprehensive, and achieves what the author 
states is his purpose. The material is based on lecture notes 
and other data used in the instruction of student technicians 
over a period of years. There is a shortage of textbooks on 
physics at a level suitable for radiographers and X-ray 
technicians but this book fills that gap very well. 

Having failed to discern any obvious errors, there are 
nevertheless a few matters to which I would like to draw 
attention, since the book is intended to be instructive to 
those who may not be knowledgeable in the field. Surely 
energy is not so much the actual or potential ability to do 
work, but rather the amount of work that a body is able or 
potentially able to do. One gets the impression from reading 
the section on Fundamental Units, that CGS units may be 
used as an alternative to MKS, whereas certainly in Europe 
the CGS system is no longer in common use. When discus- 
sing the physical concept of energy, the conventional 
statement that the total amount of energy in the universe is 
constant is quoted and a few paragraphs later Einstein's 
equation is referred to and used to explain how mass can be 
converted to energy. Perhaps an amplifying comment about 
the law of conservation of energy might not be out of place 
for the benefit of the student who may have only a slight 
physics background. 


Having already praised the comprehensive nature of the 
text of the book, nevertheless there is a section on Solid 
State Physics incorporated in the chapter in which X-ray 
tubes and rectifiers are discussed which is out of place in a 
book of this level, in that it is doubtful whether all but an 
extreme minority of radiography students will follow it. The 
diagram of the energy levels in a conductor does not bring 
out clearly that the high conductivity in a metal arises from 
the fact that there is a high population density of electrons in 
the conduction band, thus allowing the possibility of current 
flow in the metal with small applied potential. 

It is necessary for the reader to be aware, when learning 
about the electric main supply system, that the three-wire 
system in the USA is not the same in terms of voltage or 
conductor arrangement as the three-phase system which is 
discussed later in the same chapter. 

When describing the way in which radium should be 
handled, reference is made to a 2 inch protective lead block in 
association with a lead glass visor, with a lead equivalent of 
6 mm. It is customary in a busy department to have at 
least 4 inch of lead between the operator's body and the 
radium, and in some hospitals a moveable lead glass block 
with at least a 4 inch thickness of lead glass is used between 
the operator's face and the radium, a facility useful for 
identifying numbers on radium needles, The treatment of 
the subject in this section perhaps derives from the fact that 
the book first appeared in 1954; in view of the current trend 
towards replacing radium by artificial radionuclides, this 
section needs to be updated. 

A half only of the book is devoted to physics; the other 
half is devoted to an excellent discussion on technological 
matters in which the scientific basis is always explained, and 
the practical details relating to radiographic procedures are 
described fully with a great deal of technical information 
included. All in all, a very good book for a student radiogra- 


pher to obtain. 
N. W. RAMSEY 
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ABSTRAC 
venous malformations complicating benign bone 
ours may not be amenable to surgical treatment either 
ise of their extensive size and likelihood of recurrence 
because of their location, Transcatheter embolisation 
then be used either as the definitive treatment or as a 





re le to safe surgical intervention, Patients presenting 
vith arteriovenous malformations in association with 
ifolvostotic fibrous dysplasia and vertebral haemangioma 


ire presented who were treated by transcatheter embolisa- 
using Oxycel and Gelfoam. A haemodynamically 


significant shunt was obliterated in one patient and in the 
ther an excellent clinical response was obtained facilitating 
bsequent surgical management 


l'ranscatheter arterial embolisation has now become 
in established radiological technique with an 
increasing range of clinical applications. These 
include treatment of vascular abnormalities and 
tumours of the central nervous system (Djindjian 
et al, 1973), bleeding from the gastrointestinal 
tract (Reuter ef al., 1975), management of renal, 
hepatic and other neoplasms (Goldstein et al., 1976) 
and of arteriovenous malformations at peripheral 
sites (Olcott et al., 1976). We wish to present a 
further application of this technique, i.e. in bone 
tumours with associated arteriovenous malforma- 
tions 

Arteriovenous malformations complicating benign 
bone tumours represent an unusual entity. They 
may be of clinical significance, as in the cases 
presented, because of a hyperdynamic circulation 
producing left ventricular failure or alternatively, 
because of their anatomical location and mass 
Where surgery is contraindicated or hazardous, 
transcatheter embolisation may be employed either 
as the sole definitive treatment or as a prelude to 
safe surgical management. One of these patients 
presented with polyostotic fibrous dysplasia and 
multiple arteriovenous malformations which were 
considered surgically inoperable. The other patient 


Fic. 1 


Fibrous dysplasia; the femur is bowed and contains trans- 


ies and areas of ground-glass density. An incomplete 


transverse fracture is present 
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presented with and a vertebral 


haemangioma producing paraplegia; embolisation 


polycythaemia 


in this patient was used initially to decompress the 
cord and later as a preoperative technique, facilita- 
ting surgery. 


MATERIALS AND METHODS 

Embolisation in both patients was carried out 
under local anaesthesia using a French-7 endhole 
catheter. Oxycel (oxydised cellulose) was soaked in 
the patient's blood, then cut into fine particles, and 
injected in saline in a 5 c.c. syringe under low 
pressure. After each shower of emboli were intro- 
duced, meglumine iothalamate 60°, w/v (Conray 
280) was injected to assess the degree of obstruction. 
In patient No. 2, gelfoam, i.e. sterile, absorbable 
gelatin sponge (Upjohn Co., Kalamazoo, Michigan) 
cut into particles of 1-2 mm, and soaked in saline, 
was also used. Embolisations were carried out on 


three consecutive days in patient No. 1, and sepa- 
rate embolisations were performed, three months 
apart, in patient No. 2. 


Patient No. 1 

A 24-year-old male was referred complaining of 
pain, swelling, increased heat and enlarged super- 
ficial veins of his right lower limb. A diagnosis of 
fibrous dysplasia was made when he was three years 
old and he had been hospitalized on many occasions 
for fractures of his right femur. 

On examination, he had an asymmetrical skull 
and pigmented spots on his lips. He had a collapsing 
pulse of 120/minute, BP 140/60. His right lower 
limb was deformed, the femur bowed anteriorly, and 
there was true shortening of 6 cm. Skin pigmentation 
and medial 
aryl 
compared with the 


varicose veins were present on the 


Skin 
arterial pulses were increased 


aspect of the lower leg. temperature 





Fic. 2. 


Right femoral angiogram. All vessels are hvpertrophied. Numerous malformations involving the entire femur, tibia and 
talus. 
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eft lower limb. A harsh bruit was heard over th« The high pulse rate and response to compression 


ommon femoral artery and a machinery murmur of the common femoral artery indicated a highly 
wW 





is present over the calcaneum. The Nicoladoni- significant high output state through this limb. 
Branham sign was present on compression of the 


rioht 


common femoral artery, i.e. on continuous 
ompression of this artery, the pulse changed from 
20 to 90, indicating a locally significant haemo- 
Ivnamic shunt 

All biochemical and blood tests were within 
ormal limits. Skeletal X rays demonstrated the 
issical signs of polyostotic fibrous dysplasia, 


olving the skull, left first and second ribs, the 
ght ischium, femur and tibia. An incomplete 
fracture of the mid femoral shaft was seen (Fig. 1) 
\ right femoral angiogram demonstrated enlarge- 
ment of all arteries of the leg with numerous vascular 


malformations involving the femur, tibia and talus 


Fig. 2). There were no extra osseous malformations 





Fic. 4. 
Fic. 3 Post embolisation of osseous branches of anterior tibial 
Post embolisation of profunda and circumflex arteries. artery. Central pool of contrast remains from earlier test 
Femoral arteriovenous malformations are obliterated. injection. Typical bony changes of fibrous dysplasia 
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e. Fic. 7. 


Bilateral selective 9th intercostal angiography, post embolisation. Main arteries are patent but vascular abnormality is 
occluded. Note hypertrophied left intercostal. 


Red cell volume was increased at 62 ml per kg 

(normal 30+8.5). 

X ray of the spine revealed a lytic process involving 
the body of D9, with expansion of the left pedicle. 
A bilateral paravertebral mass was present (Fig. 5). 
Tomography revealed prominent trabecular strands 
suggesting the possibility of an haemangioma with 
paravertebral extension, A bone scan revealed a 
solitary area of slightly increased uptake at T9. 
Possible causes of secondary polycythaemia were 
investigated but none was found, It was assumed 
that the dorsal vertebral anomaly was secreting 
erythropoietin. Selective intercostal angiography, 
from T7 to T11 inclusive, revealed a vascular mass 
supplied by both the right and left 9th intercostal 
arteries. involving the body and supplying the 
paravertebral mass and extending posteriorly into 
the pedicle (Fig. 6). A minor contribution to the 
anomaly was also supplied by the left 8th and left 
10th intercostal arteries. The artery of Adamkiewicz 
was not supplied by these vessels or those of adjac- 
ent vertebrae. 

A decompressive laminectomy was considered 
hazardous in this patient so embolisation was 
performed with a view to reducing the vascularity 
prior to surgery and possibly by itself resolving the 
cord compression. Selective embolisation of the 
right and left 9th intercostal arteries was performed 
using a combination of Oxycel and Gelfoam (Fig. 7). 
During the embolisation procedure, there was 
considerable improvement in power in the left leg 
which continued to improve dramatically over the 
next 12 hours. Improvement continued over the 


next two weeks with almost total return of power to 
the lower limbs and a return of vibration sense. 
Because of this response surgery was deferred, Ten 
weeks following embolisation weakness again re- 
curred in the legs. A repeat angiographic study 
revealed some recanalisation of the vessels in the 
arteriovenous malformation. Embolisation was again 
performed, using Oxycel, with improvement in 
symptoms. As it was apparent that the material 
being used was being slowly reabsorbed surgery 
was instituted with ligation of the intercostal arteries 
bilaterally from T7 to T10 inclusive via a trans- 
thoracic approach. The patient's condition has 
continued to improve slowly since this time, and a 
decompressive laminectomy has not been considered 
necessary. A biopsy of the paravertebral mass was 
obtained and this revealed the classical features of an 
haemangioma. There were no histological features of 
malignancy. 


DISCUSSION 
Transcatheter arterial embolisation is now an 
accepted means of treating or complementing 


surgical management of arteriovenous malformations 
(Olcott et al., 1976). The technique may in itself be 
curative or may be repeated, if necessary, as the 
main arterial channels are not embarrassed. Surgical 
intervention, by interrupting the main arterial 
channels, makes subsequent surgical management 
difficult and embolisation impossible if there is a 
recurrence of the malformation. It is more satis- 
factory if the feeding arteries to a malformation are 
occluded at the very site of the malformation—the 
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aim of embolisation being to induce natural throm- 
bosis by means of a foreign substance. We have 
applied this same rationale to bone tumour arterio- 
venous malformations. Both of these patients 
presented with unusual arteriovenous malformations 
of relatively common pathological entities. 

Polyostotic fibrous dysplasia is characterized 
histologically by the proliferation within bone of 
vascular fibrous tissue (Warrick, 1973). This has 
not previously been reported as producing a haemo- 
dynamically significant vascular malformation. That 
this complication was not due to repeated bone 
trauma is substantiated by the fact that vascular 
malformations were also present in the tibia and 
talus which did not suffer trauma. It was presumed 
that this lesion would produce early left ventricular 
failure, Surgical intervention was not considered 
feasible in this patient due to the multiplicity of the 
anomalies and the probability of their recurrence. If 
recurrence occurs following embolisation in this 
patient, it will be possible to re-embolise, preferably 
with a non-absorbable medium, through the still 
patent main channels. 

Polycythaemia has not previously been reported 
with a vertebral haemangioma. Following the 
surgical intervention in this second patient, a 
histological diagnosis of haemangioma was confirmed 
and there were no features of malignancy. Poly- 
cythaemia has not recurred and the haemoglobin 
has remained stable since surgery at 11.8 g/100 ml. 
Only a few cases of haemangioma producing cord 
compression are reported in the literature (Hekster 
et al., 1972) and therapeutic embolisation has been 
recorded in single case reports (Benati et al., 1974, 
and Hekster et al., 1972). It should be emphasised 
that in these patients the artery of Adamkiewicz was 
excluded as being a contributor to the bone anomaly 
by extensive selective intercostal angiography. 
Inadvertent embolisation of this vessel will produce 
paraplegia and excessive introduction of contrast, 
ie. greater than 3 c.c. of meglumine iothalamate 
60% w/v, may produce cord damage (Kardjiev et al., 
1974). The good results reported by the above 


authors and found also in this patient are probably 
due to a decompressive effect secondary to collapse 
of angiomatous blood spaces. Had a non-absorbable 
medium such as Isobutyl-2 cyanoacrylate been used 
initially, subsequent surgery would probably not 
have been necessary. 

Encouraging results were obtained with both of 
these patients and there were no complications. 
Oxycel and Gelfoam are absorbable materials and 
may be completely reabsorbed within six months. 
However, the advantage of this technique is that, 
unlike surgery, the procedure may be repeated, if 
necessary, using a permanent occlusive agent such as 
Isobutyl-2 cyanoacrylate or silicone spheres. Trans- 
catheter arterial embolisation is a feasible and useful 
technique in the management of arteriovenous 
malformations associated with bone tumours, as in 
other arteriovenous malformations, either as the 
sole method of treatment or in a complementary 
role to surgery. 
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ABSTRACT 
A detailed lymphographic study of three cases of chylo- 
thorax (in thoracic duct laceration, in Hodgkin's disease and 
n Noonan's syndrome respectively) is correlated with the 
inatomy of thoracic lymph drainage to produce the fol- 
wing conclusions and predictions. (1) Chylothorax can 


nly occur by laceration or obstruction of the thoracic duct 
2) After leakage of chyle into the mediastinum from a 
icerated. thoracic duct, it can then leak into the pleural 


cavity either because of damage to the parietal pleura by th« 
initial trauma or because the pleura breaks down under the 
mediastinal effusion. (3) Injury where the 
luct lies on the right side of the aorta is more likely to 
pfoduce a right chylothorax; injury where it lies on the left 
of the likely to produce a left chylo- 
thorax. (4) collateral 
veins and connecting the thoracic duct to the 
1atics of the right hemithorax; it is only if these are 
lefective that thoracic duct obstruction may cause chylo- 
Chis chylothorax should be purely or pre- 
lominantly on the left side as the thoracic duct does not 
irain the right hemithorax; for right chylothorax to occur, 
there must be obstruction of the right thoracic lymphatics 
i$ well as of the thoracic duct. (6) Chyle may reflux from an 
»bstructed thoracic duct by two routes—via the left pos- 
lymphatics to the parietal pleural lym- 
and via the left bronchomediastinal trunk to 
ymphatics of the pulmonary parenchyma and visceral 
pleura. If the bronchomediastinal trunk enters the great 
eins independently of the thoracic duct, the latter route 
will not be taken. From visceral or parietal pleural lym- 
shatics, chyle then extravasates into the pleural cavity 


pressure of the 


oesophagus is more 
There are many vessels connecting 


vmphatics to 





vmr 


thorax. (5) 


tenor intercosta 


phatics 


+L jugular trunk 






-L subclavian trunk 


-great veins 


""L bronchomediastinal trunk 


Pulmonary 
& visceral pleural 
lymphatics 


»nmunication 
to R posterior 


intercostal 


lymphatics 


L posterior intercostal 
lymphatics draining 
parietal pleura 


N Lymphovenous 
communications 


Fic. 1 


Chylothorax: the thoracic duct and some of its tributaries 
liagrammatic). The thoracic duct ascends first on the 
right side of the posterior mediastinum and then on the left. 





The mechanisms of chylothorax are radiologically 
poorly documented due to the rarity of the con- 
dition and the reputed difficulty of showing the 
thoracic duct and 
sented here illustrate the three final pathways by 


its tributaries. The cases pre- 
which chylothorax of whatever initial aetiology is 
produced (Fig. 1). These are respectively: obstructed 
thoracic duct with seepage of chyle from distended 
visceral pleural lymphatics; similarly, with seepage 
from distended parietal pleural lymphatics; and 
laceration of the thoracic duct itself. Conventional 


Ivmphographv via the feet was used in all cases 


hic. 2. Case 1 


Stab wound in neck causing laceration to upper end of 


thoracic duct. Horizontal beam radiograph with patient 

lying on the right side. A heavy leak of medium is seen 

passing into the pleural drainage tube (large arrows). The 

thoracic duct (small black and white arrows) is seen in its 

Early opacification of supraclavicular nodes (open 
arrow). 


entirety 
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MATERIALS AND METHODS 

Seven millilitres of ultra fluid Lipiodol were 
infused into a Iymphatic on the dorsum of each foot 
with the patient on a tilting fluoroscopy table. As 
soon as the medium reached the cisterna chyli, the 
patient was tilted head up by 45 deg. so that empty- 
ing of the medium from the thoracic duct into the 
great veins was delayed. This kept the thoracic duct 


Case |. 


Drops of contrast medium are flowing out through the 

pleural drainage tube, and some has leaked onto dressings on 

the skin (arrows). Some medium has leaked into a loculus of 
the pleural cavity (arrow-heads) 


Fic. 3. 
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Fic. 4. Case 2. 


Enlarged left supraclavicular due to Hodgkim's 

disease compressing thoracic duct. ‘There is reflux into the 

left 2nd intercostal lymphatic (arrow-heads) and abnormally 

severe reflux into lymphatics of the neck (large black 

arrows) and even of the arm (open arrows). Thoracic duct 
is seen near its upper end (small black arrows), 


nodes 





Fic. 5. Case 2. 


Reflux into several intercostal lymphatics (arrow-heads) 
which seem to be tributaries of a common draining vessel 
(black arrows) running into the thoracic duct (open arrows). 
Mediastinum pushed to the right by the 
chvlothorax. 


massive left 
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Fic. 6. Case 


Some medium is seen in parietal pleural lym- 
yhatics on the left diaphragm (arrow-heads) with extra- 


tion into the pleural cavity (open arrow). At 24 hours, 


hours later, 


vmphatics were no longer filled but the amount of 

dium | ing free at the base of the pleural cavity had 

reased. Notice how low and concave the left diaphragm 

become due to effusion. Right diaphragm (white 
irrows) 





Fic. 7. Case å 


lymphatics on left dia- 


Lateral view of parietal pleural 


phragm 


well opacified from top to bottom, and allowed spot 


films to be taken in various positions. 


A black 


bove the left 


maie 





aged 26, had received a stab wound just 
sternoclavicular joint. He was admitted in a 
hocked state with a large left haemothorax. After resusci- 
tation and insertion of a chest drain, the stab wound was 
explored and a tear in the left subclavian vein repaired. The 
thoracic duct was found to be severed and was therefore tied 
n 








Fic. 8. Case 3 


Noonan's syndrome with widespread primary abnormalities 
of the lymphatic circulation including obstruction to 
thoracic duct termination. The thoracic duct (small black 
arrow-heads) crosses early to the left side of the medias- 
tinum. Medium refluxes to the hilar lymphatics (large black 
arrow-heads). The white arrows mark a large draining 
vessel which may be the right bronchomediastinal trunk 
Abnormal amount of reflux into lymphatics of the neck 
(open arrow). Also reflux into the right 12th intercostal 
lymphatic (black arrows) 
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Fic. 9. Case 3. 


Opacified lymphatics fanning out into the lungs from both 
hila. Especially good opacification in the lingula (large black 
arrows). Here a visceral pleural lymphatic (small black 
arrows) is pushed inwards by the pleural effusion. Opacifi- 
cation of a lymphatic in lateral wall of trachea and left main 
bronchus (black arrow-heads), Dense opacification of 
mediastinal and of supraclavicular lymphatics (white 
arrows). 


Post-operatively, chyle drained continuously from the 
left pleural space at a rate of about 600 ml daily. At re- 
exploration 11 days later, the pleural surfaces were rough- 
ened to encourage adhesions but it could not be determined 
whether the chylous leak was still coming from the severed 
end or from another laceration. The thoracic duct takes a 
bend just before entering the great veins so a stab can 
easily injure it in two places. 

A bipedal lymphogram was performed, which showed a 
heavy leak from the upper end of the thoracic duct (Fig. 2). 
Most of the contrast medium could be seen passing directly 
out through the pleural drain but some did pass down into 
the pleural cavity, though loculated due to the adhesions 
(Fig. 3). 

Further exploration was not required as the chylous leak 
decreased spontaneously and the drain was finally removed 
ten weeks after the injury. 





Case 2 

A 24-year-old white male presented with several weeks’ 
history of loss of appetite and weight, sweating and dys- 
pnoea. The left supraclavicular nodes were enlarged. Chest 
radiograph showed enlarged right sided mediastinal lymph 
nodes and massive left sided pleural effusion. Mediastin- 
oscopy on the right side with biopsy revealed nodular 
sclerosing Hodgkin's disease. In spite of repeated aspir- 
ations of chylous fluid, the left hemithorax remained 
almost totally opaque due to very rapid re-accumulation. 





Fic, 10. Case 3. 


Lateral view. A lymphatic (large arrow-heads) from the left 
hilum refluxes back into a visceral pleural lymphatic (small 
arrow-heads). 


Bipedal lymphography showed normal appearances in the 
lower limbs, iliac and lumbar chains, but highly abnormal 
appearances in the thorax. There was much reflux into the 
left posterior intercostal lymphatics and an abnormal 
amount of reflux into lymphatics of the neck and left upper 
arm (Figs. 4 and 5). On later films, the left supraclavicular 
nodes lying on the termination of the thoracic duct showed 
the typical enlarged and foamy appearances of lymphoma, 
Some hours after the infusion, the parietal pleural lym- 
phatics lying on the left diaphragm could be seen filled with 
refluxed medium (Figs. 6 and 7). At 24 hours, medium 
which had extravasated from these vessels was lying free in 
the pleural cavity. 

Complete investigation, including staging laparotomy, 
revealed this to be a stage IIB lymphoma. The patient was 
therefore radically treated over a period of several weeks 
with 3500 rad by mantle field to the upper body, a 500 rad 
booster dose to the mediastinum and a further 3500 rad 
between the diaphragm and L.3. This caused rapid regres- 
sion of the chylothorax, eventually leaving only mild blunting 
of the costophrenic angle, and disappearance of the thoracic 
and cervical node enlargement. 


Case 3 
An eight-year-old black female showed the typical fea- 
tures of Noonan's syndrome (Nora et al., 1974). She had 
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Fic. 11. Case 3 


At 24 hours, there is diffuse reticular opacification through- 
out both lungs with widespread opacification of mediastinal 


ind supraclavicular nodes on both sides. The visceral 
pleural lymphatic at the left base is still filled (arrow- 
heads). 





Fic. 12. Case 3. 


At 24 hours, there is opacification of internal 
mammary nodes (arrows). 


Lateral view 


ptosis, hypertelorism, brachycephaly, webbed neck and 
pulmonary valve stenosis, The latter was proved by angi- 
ography which also showed several stenoses in the peripheral 
pulmonary arteries on both sides. Chromosomal analysis 
was normal (46 XX). Her clinical and laboratory features 
are more fully reported elsewhere (Smith et al., unpub- 
lished), 

A large left pleural effusion was present. The milky fluid 
aspirated was rich in chylomicrons, triglycerides and lym- 
phocytes. Excessive protein loss from the bowel was con- 
firmed by radioisotope studies. No chyluria was found 

Lymphography was performed. The lymphatics of the 
lower limbs appeared normal, but those of the iliac and 
lumbar chains, instead of the normal parallel and longitudi- 
nal arrangement (Jackson and Kinmonth, 1974) consisted of 
numerous small racemose channels (Smith et al., unpub- 
lished). There was also retrograde flow into lymphatics of 
the left renal pedicle but not actually into the kidney, and 
into lymphatics of the mesentery and ceeliac axis (Smith et 
al., unpublished). 

The thoracic duct was well filled and the upper part 
looked distended (Fig. 8). There was abnormally heavy 
retrograde flow into supraclavicular lymphatics on both 
sides. Severe retrograde flow also occurred via the hila into 
the lymphatics of both lungs (Figs. 8 and 9). From here, 
there was reflux into lymphatics directly under the visceral 
pleura on the left side (Figs. 9 and 10) accounting for the 
chylothorax, and also into a lymphatic in the tracheo- 
bronchial wall on the left side (Fig. 9). No sputum was at 
any time available to test for chyloptysis. 

At 24 hours, both lungs showed diffuse reticular opaci- 
fication by the Lipiodol (Fig. 11). This went out to the 
periphery and was especially dense at the bases. The patient 
had been kept sitting up to slow the embolisation of the 
medium via the great veins into the lung capillaries. There 
was widespread opacification of mediastinal, supraclavicular 
and internal mammary nodes on both sides ( Figs. 11 and 12). 


DISCUSSION 

Visualization of the thoracic duct 

The thoracic duct ascends on the right side of the 
aorta and then on the left side of the oesophagus 
before emptying near the confluence of the left 
subclavian and internal jugular veins. Its termination 
behaves like a sphincter (Kinmonth, 1972a) causing 
some back-up of Lipiodol in the upper part of the 
duct. This part is therefore regularly seen on the 
immediate post-infusion radiographs. For reliable 
filling of the lower half, however, one needs the 
additional aid of gravity provided by head-up tilt on 
a fluoroscopy table. We have not so far required 
additional manoeuvres (Cox and Kinmonth, 1975). 

The thoracic duct seems not to be a very dis- 
tensible structure; in our two cases of obstruction, 
although it was well filled, its width was not greatly 
beyond the limits of normal variation in our ex- 
perience. 


Drainage of thoracic lymph and of chyle (Trapnell, 
1970; Warwick and Williams, 1973) 

The explanation of the various lymphographic 
patterns lies in the lymphatic anatomy of the thorax 
and its normal variations (Fig. 1). 
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Parietal pleural lymphatics drain to the posterior 
intercostal and the posterior mediastinal nodes, and 
these in turn drain on the left side by numerous 
channels into the thoracic duct. The parietal pleura 
also drains to the internal mammary nodes which 
drain into the bronchomediastinal trunk on each 
side. The left bronchomediastinal trunk sometimes 
opens into the upper part of the thoracic duct but 
more often opens directly into the great veins. 

From the pulmonary acini, some lymphatics run 
in the interlobular septa and then with the pul- 
monary veins while others run in the broncho- 
arterial bundles to the hilum. Opacification of the 
pulmonary lymphatics (Figs. 9 and 11) therefore 
closely resembles the pattern seen in interstitial lung 
disease (Heitzman, 1973). Beneath the visceral 
pleura is a lymphatic plexus which drains to the hilar 
nodes (Fig. 10) and also communicates with lym- 
phatics of the peripheral acini. 

From the lung roots, efferents ascend on the sides 
of the trachea and unite with efferents from the 
internal mammary nodes and from the mediastinal 
structures to form the bronchomediastinal trunk. 

The left subclavian and jugular trunks draining 
respectively the left arm and left side of head and 
neck may empty either into the upper end of the 
thoracic duct or directly into the great veins. This 
variability determines whether or not an obstruc- 
tion of the thoracic duct termination gives reflux into 
the neck and arms (Figs. 4, 8, 9 and 11). 

'The lymphatic drainage of the right hemithorax as 
well as of the right arm and right side of head and 
neck is into the great veins on the right side. 

The lymphatic drainage of the small intestine, i.e. 
the chyle, is carried entirely by the thoracic duct. 
For chylothorax to occur therefore, there must be a 
lesion of this duct. Lesions that purely obstruct 
lymphatic drainage of the right hemithorax or of 
tributaries such as the pulmonary lymphatics may 
give pleural effusions but they are never chylous. 


Laceration of the thoracic duct 

The wall of the duct may be damaged not only by 
direct penetrating injury but also accidentally during 
surgery on neighbouring organs such as the aorta and 
oesophagus (Glenn ef al, 1975). Acute hyperex- 
tension of the spine (Glenn et al., 1975) and other 
blunt trauma (Hyde et al., 1974) can also do so. 

'The chyle first leaks into the mediastinum but it 
can then spill into the pleural cavity due to laceration 
of the mediastinal parietal pleura caused either by 
the same initial trauma or by the weight of the 
subsequent mediastinal collection. (Higgins and 
Reinke, 1976). In our case, there was already a 


42 


breach in the parietal pleura as evidenced by the 
massive haemothorax from the bleeding left sub- 
clavian vein. 

If the duct is torn in the lower part of its course 
where it lies on the right side of the aorta, one would 
expect the chylothorax to be on the right side 
(Chavez and Conn, 1966; Hyde et al., 1974). If it is 
torn where it lies on the left side of the oesophagus, 
one would expect it to be on the left (Higgins and 
Reinke, 1976). While this argument holds true for 
the spread of fluid after oesophageal rupture (Parkin, 
1973), the literature on thoracic duct rupture is 
insufficient. 


Obstruction of the thoracic duct 

Surgical ligation of the thoracic duct in man and 
in experimental animals does not normally result in 
chylothorax. It is also rare in patients with enlarged 
nodes in the region of the duct in mediastinum or 
neck: this was our first case in several years’ experi- 
ence of staging lymphography for lymphoma. 

Proof that the chylothorax in our second case was 
due to thoracic duct compression by the enlarged 
supraclavicular nodes was that it disappeared with 
irradiation to the nodes. 

The rarity of chylous complications with thoracic 
duct blockage is due to the presence of collaterals 
between the thoracic duct and the right posterior 
intercostal lymphatics and to the opening up of pre- 
existing lymphovenous channels (Pomerantz et al., 
1963; Neyasaki et al., 1965; Yoffey and Courtice, 
1970; Warwick and Williams, 1973). For chylo- 
thorax to occur therefore, there must also be a 
developmental or acquired deficiency of lympho- 
venous communications, of left-to-right thoracic 
lymphatics and/or of lymphatic drainage of the right 
hemithorax. 

If these conditions are met, chyle may leak into 
the pleural cavity by two routes: via the left bron- 
chomediastinal trunk and hilar nodes to the pul- 
monary and visceral pleural lymphatics; and/or via 
the left posterior intercostal lymphatics to the par- 
ietal pleural lymphatics. 

In our case of Hodgkin's disease obstructing the 
thoracic duct, chyle did not take the former route 
and the explanation may well be that the left 
bronchomediastinal trunk emptied (as is often the 
case) directly into the veins. In our case of Noonan's 
syndrome, there was no reflux into the intercostal 
lymphatics except for one on the right side (Fig. 8); 
for this there is no obvious explanation. The anat- 
omy leads one to expect obstruction of the thoracic 
duct to give a chylous effusion purely or predomi- 
nantly on the left side. We were able to find only four 
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other reported cases (Baltaxe et al., 1975; Freundlich, 
1975; Diaconis et al., 1976) of confirmed thoracic 
duct blockage in which the side of the chylothorax 
was stated. In one of these (Baltaxe et al., 1975) the 
chylothorax was predominantly right sided, but in 
the five others including ours it was left sided. 


Other points 

Noonan's syndrome has many external similarities 
to Turner’s syndrome but its chromosomal con- 
stitution is normal and pulmonary valve stenosis is 
common (Nora et al., 1974). Four previously pub- 
lished cases have shown some lymphatic abnor- 
mality and in two of these lymphography showed 
chylous reflux into pulmonary lymphatics (Vallet 
et al., 1972; Baltaxe et al., 1975; Herzog et al., 1976). 
Clearly therefore some kind of outlet obstruction to 
the thoracic duct occurs, as well as other lymphatic 
or lymphovenous abnormalities to account for the 
chylous reflux. 

Our demonstration of a tracheobronchial lym- 
phatic (Fig. 9) seems to be unique in the literature 
although there have been cases of chyloptysis 
(Löffler and Jaccard, 1954; Deuil et aL, 1962; 
Servelle et al., 1968). 

Chylothorax has been described in two other 
diseases. (1) It is common in pulmonary lymphangio- 
myomatosis (Kruglik et aL, 1976). Here there is 
hamartomatous proliferation of smooth muscle 
around pulmonary lymphatics and in mediastinal 
nodes, and it may be a forme-fruste of tuberose 
sclerosis. The chylothorax cannot result purely from 
compression of the pulmonary lymphatics and is 
probably due to the enlarged nodes compressing the 
thoracic duct (Monteforte and Kohnen, 1974). (ii) 
Lymphangectasia of the thorax with and without 
chylothorax has been described (Steiner et al., 1969; 
Noonan et aL, 1970; Glenn et al., 1975) but it re- 
mains a pathologically and anatomically ill-defined 
entity. 

Individual cases or illustrations of lymphography 
in chylothorax have also been published by White 
and Urquart (1966), Camiel et al. (1971), Fuchs 
(1971), Weidner and Steiner (1971), Courouclis et 
al. (1974) and Grant and Levin (1974). We believe it 
is possible in all cases to opacify the thoracic duct up 
to the point of obstruction or laceration, and to show 
the route by which refluxing chyle reaches the 
visceral or parietal pleura, If there is no obvious 
cause of obstruction such as tumour, enlarged nodes 
or subclavian vein thrombosis (Diaconis et al., 1976), 
one should then look for clinical features of a con- 
genital or genetic disease. For instance, lymphoe- 
dema of the legs occurs frequently in Turner's 


syndrome and in Swyer's syndrome (Kinmonth, 
1972b) and chylous complications occur in Noonan's 
syndrome. 
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Book reviews 


Biomedical Ultrasonics. By P. N. T. Wells, pp. ix-+ 635, 
illus., 1977 (London, Academic Press Inc.) £24-00, 

The contributions which Dr. Wells has already made to 
the literature on medical ultrasound are now the standard 
texts read by most people working within this speciality. 
With this new book Dr. Wells has produced a compre- 
hensive and authorative reference work on every aspect of 
the subject. The text is intentionally heavily biased to a 
thorough discussion of the physical principles from basic 
sonics through the production of ultrasound; its interactions 
with matter and its reception. He has reviewed virtually 
every significant paper on the subjects covered and discusses 
the findings, claims and opinions of other authors in an 
informal, interesting and readable manner. The list of 
references is very complete and includes the major papers of 
relevance up to 1975. 

As a reference book it will unquestionably be of great 
value to physicists and engineers, whilst the excellent 
sections on potential hazards should be read by all clinicians 
involved in the use of diagnostic—and especially thera- 
peutic—ultrasound. 

Whilst the technical sections deal with virtually every 
type of ultrasound apparatus ever conceived the clinical 
sections are also comprehensive and include a wide range of 
less well known uses such as neural stimulation, vestibular 
surgery and the ultrasonic decalcification of tissues. 

The ultimate value of a reference book depends upon the 
ease with which one can access the information contained 
therein. The structure and format of this book, combined 
with an excellent index, enable the reader to locate infor- 
mation rapidly and it can therefore be very strongly recom- 
mended to all those in any way associated with the current 
biomedical usage of ultrasound. 

H. B. MEIRE. 


Nuclear Medicine—Focus on Clinical Diagnosis. By R. P. 
Spencer, pp. 249, illus., 1977 (Henry Kimpton, London), 
£9-00. 

This small volume covers the clinical aspects of nuclear 
medicine and, as the author indicates in his preface, offers 
*a broad (and admittedly rapid) glimpse of the range of 
subjects in nuclear medicine". There is no treatment of the 
underlying physics, chemistry or radiopharmacy and one is 
referred to alternative texts for these. However, the text in 
general is very concise, accurate and up-to-date and achieves 
the goal the author has set himself admirably. The relative 
emphasis on imaging procedures simply parallels the work 
load of most departments but dynamic studies, body 
“compartments” and haematological aspects are all covered. 

Occasionally other techniques, such as X-ray, ultrasound 
and endoscopic examination are ignored, which places the 
radioisotope techniques in isolation rather than in a clinical 
context. The double isotope Schilling Test described uses 
57Co and 99Co. This latter seems a strange choice in modern 
times. 

Another curious feature which the author feels necessary 
to include—despite the avowed intention of avoiding the 
scientific side of the subject—is a note on the radio-decay 
equation, in which exponential decay is explained. The 
author obviously feels this is a problem worthy of special 
attention, striking an odd note, as it is so basic to so much of 
nuclear medicine! 

'The book is produced in plastic ring binder form; some 
illustrations are of relativelv poor quality. Nevertheless, the 
general text represents a notable achievement. There is à 
brief index. 

The book certainly succeeds as the best short clinical text 
on the whole subject. 

D. H. KEELING. 
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ABSTRACT 

X-rays were taken of the hands of 379 normal subjects 
aged from 17 to 80 vears, using fine grain film. After twelve- 
fold enlargement by an overhead projector, tracings were 
made of the outline of both second metacarpals and of their 
cortices. The total and cortical areas were measured, using a 
digitizer interfaced to a calculator. There was found to be a 
significant correlation of cortical area with total area, with 
different regression equations for males and females. ‘The 
cortical areas were therefore corrected to a mean male- 
female total area (788 mm?), using the appropriate equation. 

eThe mean total area for all males was 905 mm? and for 
females 752 mm?. Though the cortical area was greater for 
males it was found that after correction for total area the 
cortical area for males and females aged 20—50 years was 
similar at 190-21 mm? (mean 4 S.D.). After the age of 50 
years the corrected cortical area decreased in both sexes; by 
75 there was a mean fall of 39°, in females and 18% in 
males. The reproducibility for corrected cortical area was 
2.6%, for individuals and 1.5%, for groups. Compared with 
the bone mineral analyser this technique is simpler, requires 
less expensive equipment and gives a better measure of bone 
size; compared with the simple linear measurements of 
cortical width it provides greater reproducibility. It is 
useful as à measure of bone size and bone mass, for ob- 
serving the course of osteoporosis and its treatment, and for 
epidemiologic studies. 





Many techniques have been devised for the as- 
sessment of bone mass. Of these the various radio- 
logical densitometric methods (Mack et al., 1949) 
are now little used. The femoral trabecular index is 
considered of value by some (Singh et al., 1972) but 
not by others (Khairi et al., 1976) and is at best 
semiquantitative. Total body calcium as measured by 
neutron activation analysis (Cohn et al., 1974) is a 
precise measurement but requires expensive equip- 
ment. It has the disadvantage of administering a 
substantial radiation dose, and its reading includes 
extraosseous calcium. 

Measurements of the second metacarpal bone 
have been used for many years (Barnett and Nordin, 
1960) and several indices have been devised (Barnett 
and Nordin, 1960; Meema and Meema, 1963; Garn 
et al, 1967; Exton-Smith et al., 1969; Gryfe et al, 
1971) using mid-shaft cortical width, total width and 
sometimes length. They all have the limitation of 
sampling at only one site along the cortex, and of 
measuring accurately to 0.25 mm at best. 

Cameron and Sorenson (1963) reported the devel- 
opment of what has become known as the "bone 
mineral analvser", which gives an estimate of the 


mineral content of standardized sites in the right 
radius. T'his has been reported to have reproduci- 
ibility (coefficient of variation) of 2.6% and 3.6% for 
mid-shaft and distal mass respectively (Johnston 
et al., 1973). This high precision and relative sim- 
plicity of operation has made it a valuable research 
tool. 

As the metacarpal measurements are inferior to 
the bone mineral analyser principally because of a 
relative crude and imprecise technique it was de- 
cided to measure the entire cortical area in order to 
sample a larger amount of bone and to improve the 
reproducibility of the method. 


METHOD 

1. Area measurements 

Three hundred and seventy nine male and female 
controls aged 17 to 80 (hospital employees and 
visitors) and 20 patients with unexplained vertebral 
fractures underwent antero-posterior X-ray of both 
hands on a single fine grain film (Kodak X- M2). The 
image was projected onto a sheet of paper with a 
twelvefold enlargement by an overhead projector 
(3M type 297) and the outlines and internal cortical 
margins of both second metacarpal bones were 
traced. The areas in the tracings were measured 
using a Hewlett Packard 9864A digitizer interfaced 
to a Hewlett Packard 9815 calculator (used in pre- 
ference to a planimeter because of the large numbers 
involved). The data was assembled by one worker 
and the randomized films were measured by another. 

To determine the reproducibility of the method 
four normal subjects were X-rayed six times, using a 
different machine for each. 


2. Linear measurements 

These were carried out in some films for the 
purpose of comparison with the area measurements. 
The groups measured were males aged 30-40 years, 
females 30-40, females 60-70 and the group used to 
test reproducibility. Measurements were made using 
a plastic ruler as recommended by Morgan et al., 
(1967), of mid-shaft total (T) and internal (M) 
diameter. The readings were made to the nearest 
0.25 mm. 
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TABLE I 
AREA MEASUREMENTS EXPRESSED IN MM? AS MEAN -+ STANDARD DEVIATION 













































































Total area B Cortical area Corrected cortical area | 
Age | 
Male Female Male Female Male Female | 
10-20 852 +65 196 +42 170 3-25 | 
(N14) | 
20-30 203 +32 169 +27 193 +31 191 +22 | 
E y Mitt NE E | 
30-40 203 + 26 184 +26 191 +25 | 195 +22 | 
i 
40-50 194431 181 +27 184 +27 196 24 
Mm MN PEERS APRES | 
50-60 187 34 158 +26 173 4.33 170 2-24 | 
F B Lime s. cen Mea ea ae oe aan 
60-70 919 +98 179 4.34 131426 166 +30 138 «24 .| 
(N = 23) i 
NR eh Ae se RARE, VERUS SIGN" PORE are ee et Mets SNR: e OPE REESE | 
70-80 929 +70 155 +30 115 +24 140 +32 1254.23 | 

(N =18) 
80-90 — 690 +78 — 119415 = 112411 | 
(N=3) | 














3. Calculations 

The mean of the left and right hands was used for 
the calculations. From the area measurements were 
calculated the total area and cortical area. In 206 
subjects in whom the dominant hand could be 
identified, the total areas were compared in the two 
sides. The mid-shaft measurements were used to 
obtain the cortical width, and the Barnett-Nordin 
index (T~M)/(T). 

The frequency of a diminished amount of bone 
was tested, as suggested by Morgan (1973), by 
observing the percentage of normal female subjects 
aged 60-70 years whose cortical area was less than 
two standard deviations below the mean of the 
females aged 30-40 years. This procedure was also 
carried out using the cortical width and the Barnett- 
Nordin index. 

RESULTS 
1. Area measurements 

These are shown in Table I. In the 20-30 year age 
group, which is regarded as being the most homo- 
geneous, there was a significant correlation of cortical 
area (CA) with total area (T'A). The correlating 


(10.28, p « 0.05) and for the females CA —27.- 
0.21 x TA, (r—0.57, p< 0.001). As the equations 
differed significantly (p « 0.005), the one appropriate 


to the sex was used. The cortical areas were then 
corrected to the mean TA of 788 mm? and the 
corrected cortical area (CAc) values are also shown 
in Table I. The mean CAc for the males aged 20-50 
years did not differ significantly from that of the 
females of the same age group, though there was a 
just significant (p« 0.05) difference between the 
males and females aged 40—50 years. The difference 
was considered perhaps a chance finding, and so the 
males and females aged 20-50 years were regarded 
as a homogenous group whose CAc was 190-21 
mm? (mean -SD); none of the six subgroups dif- 
fered significantly from this. The figure shows the 
CAc of the controls and of patients with unexplained 
vertebral fractures; 80°, of the latter fell below the 
mean minus two standard deviations of the 20-50 
age group. 

The mean level of the control females also fell 
below this value after 60 years, and the males 
reached it at 70 years. 

The mean total area of the second metacarpal of 
the dominant hand in 206 subjects was 794 mm? and 
that of the non-dominant hand was 792 mm?, The 
difference was not significant. 

Table II shows the results of the reproducibility 
study; the coefficient of variation of the means of the 
six groups of readings was 1.5%. 
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TABLE H 


COEFFICIENTS OF VARIATION OF THE MEANS OF FOUR 
SUBJECTS X-RAYED SIX TIMES 


E » 


























i Corrected 
Cortical cortical 
Total area area area 
3.1% 
2.1%, 2.1% 
2.595 1.795 
396 2.9% 
2.9% 2.695 
21 | 








280 


1 


imm?) 





36 hd 





Fic. 1. 


Corrected cortical area of males and females. The unbroken 

lines show the mean of the controls. The dotted line 

represents the mean less two standard deviations of the 

males and females aged 20-50 years. The individual points 

are of patients with unexplained vertebral fractures. The 

open circles represent females, and the closed circle 
males. 


The frequency of low readings in the 60—70 years 
females was 62% using the CA, and 86% using the 
CAc. 


2. Linear measurements 

In the reproducibility study the mean coefficient 
of variation of the Barnett- Nordin index was 3.2% 
and that of cortical thickness 3.595. The frequency 
of low values in the females aged 60-70 vears was 
65°, for cortical thickness and 38°, for the Barnett- 
Nordin index. 


Discussion 
Measurement of the metacarpals in this manner 
has several advantages over other metacarpal meas- 
urements. Unlike many indices (e.g. Garn, Exton- 
Smith) it expresses a defined area and it does not 


make the assumption that the bone is tubular. Its 
precision is greater than the other measurements, 
and it is more effective in detecting low values. 

The bone mineral analyser is at present the most 
promising device for widespread measurement of 
bone mass. Its readings are highly correlated with 
the ash weight of the appropriate segment of either 
excised bone or of bone covered by tissue remnants 
(Cameron et al., 1968), but appropriate studies have 
not been made of bone surrounded by normal 
tissue, À comparison of metacarpal cortex meas- 
urements with ash weight has been made by Exton- 
Smith who measured the index T?-M? in the third 
proximal phalanx of living subjects and found a high 
correlation with the ash weight of the same bone 
post-mortem (Exton-Smith et al., 1969). So both the 
bone mineral analyser and metacarpal cortical meas- 
urements appear to give a good indication of the 
amount of bone mineral. 

From the viewpoint of clinical and investigational 
value the important aspects are the reproducibility 
of the method, the variance of the site and the 
degree of change in the readings with age and 
disease. In the four subjects studied the reproduc- 
ibility was 2.9%, for cortical area and 2.6%, for the 
corrected cortical area compared with 2.5 to 3.6% 
for the bone mineral analyser, depending upon the 
radial site (Johnston et al., 1973). The variance of the 
site in this study appears to be similar to that of a 
bone mineral analyser study (Johnston et al., 1968). 
The percentage decrease in bone with age is greater 
with corrected cortical area than with the bone 
mineral analyser (Johnston et aL, 1968) Both 
methods show osteoporotic patients to have a lower 
mean but substantial overlap with controls. 

Cortical thickness measurements have been criti- 
cized on the grounds that they do not measure 
trabecular bone (Johnston et al., 1968). However, 
the bone mineral analyser reading does not dis- 
tinguish cortical from trabecular bone and the proxi- 
mal site which has the better reproducibility, 
contains mostly cortical bone. There is no evidence 
that this measure at one or two sites in the radius is a 
more representative or more useful indication of 
skeletal mass than is the cortical area of the meta- 
carpals. The large amount of overlap of bone 
mineral analyser measurements between normal and 
osteoporotic subjects is an indication that this pur- 
ported advantage is not of practical significance. 

Occasionally cortical area measurements may not 
be valid due to cortical striation, for example in 
thyrotoxic bone disease (Meema and Meema, 1973). 
However, bone mineral analyser measurements can 
also be misleading, for example in reporting an 
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increase in bone mass in supposedly osteoporotic 
patients who also have osteomalacia and whose 
treatment includes vitamin D. 

As both methods have similar variances, repro- 
ducibilities and changes with age, and as each has 
equivalent problems in interpretation there would 
appear to be no great advantage in either. Both are 
superior to the simpler measures of cortical thick- 
ness because of better reproducibility, and they are 
therefore of value in determining changes in bone 
mass in individuals or groups, and to observe the 
effects of age or different therapies for osteoporosis. 
The cortical measurements have the additional ad- 
vantage of accurately measuring the total size of both 
the bone and the cortex and could therefore be of 
value in epidemiologic studies. The principal ad- 
vantage of the cortical area measurement is that it is 
simple to take high quality hand X-rays, and such 
films are easily measured with a planimeter or 
mailed to a centre where a digitizer is available. This 
avoids the necessity to purchase a relatively ex- 
pensive machine, to replace iodine sources as necess- 
ary and to have available a sufficiently trained and 
experienced technician to ensure adequate reproduc- 
ibility. 

'This study has implications concerning our 
understanding of osteoporosis. Assuming that the 
ideal bone mass is indicated by the combined male- 
female 20-50 years corrected cortical area, a subject 
of any age might be considered to be osteopaenic if 
the value is less than two standard deviations below 
the mean for this group. If this is so, it can be seen 
from the figure that many control females over 60 
years are osteopaenic, and can be expected to have 
a reduced threshold for bone fracture. It is therefore 
likely that many elderly people with vertebral frac- 
tures will not belong to a separate group of ‘‘osteo- 
porotics" but will have bone loss normal for their 
age. There appears to be a second, probably hetero- 
geneous group whose bone mass is well outside the 
normal range for their age. 
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ABSTRACT 

Transbronchial lung biopsy under fluoroscopic guidance 
was attempted in 14 patients with discrete peripheral 
lesions and histological evidence of pathology was obtained 
in five (37.7%). The difficulties and limitations of the 
procedure are discussed, The radiation hazard to both 
patient and bronchoscope are assessed. From this study it is 
concluded that aspiration needle biopsy is preferred in the 
irwestigation of patients with peripheral lung lesions. 
The fibre-optic bronchoscope may give valuable in- 
formation as to the condition of the proximal bron- 
chial tree, but many peripheral lesions are beyond 
its field of vision. Transbronchial biopsy using 
forceps passed through the fibroscope and guided 
into peripheral lesions under fluoroscopy has been 
advocated (Levin et al., 1974; Ellis, 1975; Hanson 
et al, 1976). The present study was undertaken to 
evaluate such a technique and to determine the 
effects of radiation on the bronchoscope. 


PATIENTS AND METHODS 

Fourteen patients—-eleven male and three female, 
aged 30 to 77 years with discrete peripheral lesions 
suggestive of bronchogenic carcinoma, were studied. 
The nature and size of the lesion and the pulmonary 
segment in which it lay were determined from recent 
P.A. and lateral radiographs together with tomo- 
grams (Table I). 

No patient was bronchoscoped who was con- 
sidered unfit for the procedure; who could not lie 
flat for between three quarters and one hour; or who 
could not cooperate with the investigator. 

After fasting overnight the patients were given an 
intramuscular injection of 10 mg morphine and 0.6 
mg of atropine and positioned on a radiography 
table equipped with a single plane fluoroscopic unit. 

Under local anaesthesia (4%, prilocaine) an 
Olympus BF 5 B2 fibre-optic bronchoscope was 
passed transnasally and the proximal bronchial tree, 
including the segmental bronchi of the affected 
lobe, inspected for tumour involvement. 

In two patients the bronchoscope was wedged in a 





Requests for reprints to Department of Radiology, Lodge 
Moor Hospital, Sheffield 810 4LH. 





segmental bronchus of each lobe in turn and the 
successive positions recorded radiographically, These 
were used to estimate the distance the instrument 
could be advanced in each lobe (Fig. 2). 

In all cases the bronchoscope was wedged in the 
segmental bronchus supplying the lesion and ap- 
propriate radiographs taken. Biopsy forceps were 
passed through the fibroscope and attempts made to 
guide them into the lesion by screening in supine 
and oblique positions which necessitated continual 
repositioning of the patients (Fig. 1). When the 
forceps were apparently in the lesion a biopsy was 
taken, the forceps withdrawn and the tissue sent for 
histological processing using the millipore technique 
Grech et al., 1978). 

If after 30 minutes it had proved impossible to 
reach the lesion, radiographs were taken with the 
forceps as near the lesion as possible. 

The tip of the bronchoscope was left in situ and 
the biopsy forceps withdrawn. A fine catheter 
(Surgimed, Number 160, 100 cm long) was intro- 
duced into the segmental bronchus via the suction 
canal of the fibre-scope. A few millimetres of Di- 
onosil Oily* were injected and when the bronchi 
were adequately filled A.P. and oblique broncho- 
grams were taken (Fig. 3). 

The radiation received by each patient was cal- 
culated from the records of the screening time, the 
number of radiographs taken and the exposure 
factors. In order to estimate the radiation reaching 
the fibrescope a tissue-equivalent phantom simu- 
lating an average chest was used. A 35 ml ionization 
chamber (Pitman Ltd., Type 37c) was placed within 
the phantom so as to simulate the position of the 
bronchoscope during bronchoscopy and the phan- 
tom irradiated with the average radiation dose for 
the series. The radiation measured in the chamber 
approximated to that which would reach the 
bronchoscope. 


*Dionosil Oily: 6095 suspension of the n-propyl-ester of 3:5 
diiodo 4 pyridone-N-acetic in arachis oil. Produced by 
Glaxo Laboratories Ltd., England. 
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TABLE I 
PHYSICAL CHARACTERISTICS OF LESIONS, FLUOROSCOPIC EXPOSURE AND HISTOLOGY OF BIOPSIES 




























































































: . io Histology of Histology of 
Case Nature, size and position transbronchial needle biopsy (1) 
No. of lesion Fluoroscopy biopsy or thorocotomy (2) | Final diagnosis 
1 Solid, round, 4 cmin : 130 sec at 75kV Lung parenchyma. (1) and (2) Bronchogenic 
diameter in R.U.L. anterior No tumour seen squamous cell carcinoma 
segment carcinoma 
2 | Solid, round, 4.5 cm in 110secat75kV | Lung parenchyma. (1) Squamous cell. | Bronchogenic 
diameter No tumour seen carcinoma carcinoma 
3 | Rugged thick walled cavity, Lung parenchyma. (2) Poorly Bronchogenic 
6.5 cm in diameter in L.U.L. No tumour seen differentiated carcinoma 
apical segment carcinoma | 
AREIS TS, rnt Pi A a | co x " z A ES BESLE ERE, ESAE ENEE A AETERNA 
4 Solid, round, 2.25 cmin | | 110secat 75 kV. | No tissue obtained (1) Malignant Bronchogenic 
diameter in L.U.L. posterior cells-—typing not carcinoma 
segment possible 
5 | Solid, rugged 4 cm in 95 sec at 70 kV Well differentiated (1) and (2) Well Bronchogenic 4 
diameter in R.U.L. apical Epidermoid differentiated carcinoma 
segment carcinoma epidermoid 
carcinoma 
6 | Solid, segmental, 3 cm in 90 sec at 70 kV No tissue obtained (1) and (2) Fibrous | Scarring from 
diameter in R.U.L. anterior tissue, no tumour old T.B. 
segment seen 
7 | Solid, round, 4 cm in 180secat 70 kV | Squamous cell Not done Bronchogenic 
diameter in L.U.L. posterior carcinoma carcinoma 
segment 
i 8 | Solid, elliptical, 8 cm in 95 sec at 65 kV Lung parenchyma. (1) No tumour seen | Bronchogenic 
diameter in L.U.L. apical No tumour seen carcinoma 
segment 
9 | Solid, oval, 3 x 2 cm in No records kept | Undifferentiated Not done Bronchogenic 
diameter in R.U.L. anterior small cell carcinoma carcinoma 
segment 
10 | Solid, round, 2 cm in 100 sec at 70 kV | Lung parenchyma. Not done Bronchogenic 
diameter in L.U.L. anterior No tumour seen carcinoma 
segment 
11 | Thick walled cavity, 8 cm in. | 125 secat 70kV. | Atypical cells Not done Lung abcess 
diameter in R.U.L. apical suggestive of 
segment carcinoma ] 
12 | Solid, round, 6 cm in No records kept | Poorly differentiated | Not done Bronchogenic 
diameter in R.U.L. posterior epidermoid carcinoma 
segment carcinoma 
| 13 Solid, elliptical, 4.5 cm in 105secat70 kV | Lung parenchyma (1) Epidermoid Bronchogenic 
diameter in L.U.L. anterior No tumour seen carcinoma carcinoma 
segment 
14 | Solid, round, 5 cm in 120 sec Not done Not done Inflammatory 
diameter in R.U.L. posterior lesion 


segment 























RESULTS 


In every case the trachea, main bronchi and ap- 
propriate segmental and subsegmental bronchi were 


normal bronchoscopically. 


Dynamic movement of the bronchial tree produces 
the variation in position of the bronchi seen on the 


radiographs. In consequence the bronchograms were 


considered the most reliable way of assessing the 
position of the bronchoscope when wedged within a 


segmental bronchus. We found that the instrument 
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Fic. 1 


Supine and oblique view showing the bronchoscope with the biopsy forceps in the lesion (Case 7). Note that the tip of the 
fibre-scope has become displaced from its position in the posterior segmental bronchus of the left upper lobe 


but that in the lower lobes it wedged in the third 
generation. The composite line drawing (Fig. 2) was 


— 
Se MEE constructed from the radiographs to show the pos- 
> ition of the bronchoscope when wedged in the most 

accessible bronchus of each lobe (Case 13) 

In 11 cases the histology of the transbronchial 
/ biopsy showed bronchial or lung tissue. In only five 
was there evidence of pathology; in one (Case 11) 
/ the histology suggested bronchogenic carcinoma but 


the subsequent course has shown the lesion to be a 
lung abscess; the diagnosis of bronchogenic carci- 
noma was confirmed in the other four. The clinical 
course in the six cases where the biopsy showed 


normal lung tissue has been that of bronchogenic 
carcinoma and in four out of five other biopsies have 


— 


confirmed this diagnosis. In three cases it was 1m- 


possible to reach or biopsy the lesion in spite of 


Fic. 2. 

A composite line drawing constructed from the radiographs 
of Case 13 to show the position of the bronchoscope tip 
wedged in the most accessible bronchus to each lobe, 


wer 
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Fic. 3. Case 2. 


(4) shows the bronchoscope wedged in the upper lobe bronchus and the biopsy forceps advanced quite peripherally but away 
from the lesion. (The histology of the transbronchial biopsy was only lung parenchyma). 


(n) Bronchogram to outline the bronchial tree to show the tract of the biopsy forceps (A). The small curved arrow points to 
the tip of the bronchoscope and the three straight arrows show the lesion which was to be biopsied. The distortion of the 
bronchial tree might have helped in deflecting the forceps away from the lesion 


trying for 30 minutes. The histology of the trans- 
bronchial biopsy is compared in the table with the 
findings of percutaneous aspiration needle biopsy 
and/or thoracotomies in the same patients. 

There were no complications from either the 
bronchoscopy or biopsy. 


CALCULATION OF THE RADIATION REACHING 
THE FIBRE-OPTIC BUNDLES 

The screening current of the equipment is con- 
trolled automatically by the image brightness of the 
intensifier (which will vary with the size of the 
patient) but was usually about 0.2 mA. It was 
calculated that the patient's skin exposure varied 
from 0.1 to 0.5 rad per minute screening and about 
0.21 rad per radiographic exposure. The average 
skin exposure per patient was 2.6 rad. 

From measurements with the tissue-equivalent 
phantom it was estimated that the radiation reaching 
the bronchoscope was 0.107 rad per examination. 
Due to the screening effect of the stainless steel coil 
within the fibrescope sheath the dose reaching the 


fibre bundles will be reduced to between 25 to 30° 
of this figure (0.027 rad). Any reduction in the 
transparency of the fibre-optic bundles will depend 
on the radiation dose and the length of the bundle 
exposed to the radiation. As the average length of 
fibrescope exposed during fluoroscopy was 0.19 
metre the fibre bundles will be exposed to approxi- 
mately 5 x 10- rad metres per examination. 


Discussion 
In practice we have found it difficult to pass the 
tip of the instrument beyond the second or third 
bronchial generations, although Kovnat ef al. (1974) 
using a similar instrument claimed to have entered 
two further generations, In time the tip becomes less 
flexible and its width increases due to wrinkling of 
the surface and both factors will tend to limit its 
advance. Wherever the instrument is wedged it is 
possible to visualize two or three further bronchial 
generations, but this proved inadequate to permit us 

to see any of the lesions studied. 
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At each bronchial bifurcation the advancing bi- 
opsy forceps tend to pass into the most accessible 
bronchus. While fluoroscopy will show the general 
direction of advance neither the site of bifurcation 
nor the correct bronchus to enter can be seen. The 
operator is working blindly and the difficulties are 
increased the greater the distance to be traversed. In 
the region of the lesion there may be distortion of the 
bronchial tree and the forceps may be deflected away 
from the lesion (Fig. 3). The considerable variation 
in bronchial diameters with respiration, movement 
and coughing may lead to displacement of the 
bronchoscope or forceps (Fig. 1). As a result of 
these difficulties we biopsied less than half of the 
lesions. The success rate might have been improved 
by using bi-plane or C arm fluoroscopy. 

The procedure is time consuming and apart from 
requiring cooperation on the part of the patient may 
expose them to significant radiation. We have cal- 
culated that on an average the patient received 2.6 
rad. Although this amount of radiation is acceptable, 
being less than the average exposure for a barium 
meal, it is not negligible considering that such 
patients have respiratory disease possibly requiring 
repeated chest radiographs. 

There is also the potential damage to the fibre- 
scope from the radiation exposure. The yellowing of 
glass exposed to large doses of radiation has been 
known for many years (Becker, 1965) and the in- 
duced change in optical density has been used for 
dosimetry purposes. In general, doses in the order of 
103-108 rad are required to produce significant 
changes in thicknesses of a few millimetres. A con- 
siderable length of the fibre-optic system is exposed 
to radiation during most endoscopies. Ashby et al. 
(1976) have shown that the loss of light in a fibre- 
optic duodenoscope is dependent on the radiation 
dose times length of the fibre bundle exposed, and 
that a light loss of 4595, which made the fibre-optic 
bundles clinically unuseable, was produced by a dose 
26.1 rad metres at 85 kV or 31.1 rad metres at 100 
kV. They estimated that these changes would occur 
after approximately 233 examinations involving 
endoscopic retrograde cholangiopancreatography. 
Our estimations have shown that as the fibre-optic 
bronchoscope was exposed to 5 x 10-3 rad metres at 
each examination its life expectancy would be con- 
siderably greater, approximately 5000 examinations 
being required before the 45° loss of light occurs. 


Ellis (1975) described transbronchial biopsy of 
peripheral lesions using the fibre-optic bronchoscope 
and obtained a diagnostic biopsy in 8094 of cases 
with lesions greater than 4 cm in diameter and 58% 
with lesions less than 4 cm in diameter. We have 
been less successful in biopsying lesions ranging 
from 2 cm to 8 cm in diameter. In the 11 cases where 
a biopsy was possible we obtained a positive diag- 
nosis in 4595. 

The technique of transbronchial biopsy has to be 
compared with percutaneous aspiration needle bi- 
opsy under fluoroscopy in such lesions. With the 
needle biopsy we have had a positive diagnosis in 46 
out of 50 cases (9294) (Grech et al, 1978). The 
aspiration needle biopsy technique used has been 
described in detail (Grech and Clark, 1978) and has 
proved to be quicker, less distressing to patients and 
entailing much less exposure to radiation while at 
the same time being accompanied by no serious 
complications. 

We conclude that in view of the technical diffi- 
culties, the radiation hazard and our histological 
success rate the place of transbronchial biopsy of 
peripheral lesions is limited in spite of fluoroscopy 
guidance and that percutaneous aspiration needle 
biopsy is to be preferred. 
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ABSTRACT 

There are presently available in the United Kingdom six 
different X-ray machines capable of multi-directional 
tomography. A comparative assessment of the units and 
their performance was made with particular emphasis on 
(i) the suitability of the units as general purpose instruments, 
for routine radiography and the wide range of tomographic 
examinations required in a district general hospital; (ii) the 
performance of the most sophisticated machines, in the 
demonstration of small ear structures. The quality of the 
pictures obtained, the radiation dose to the patient and ease 
of operation by specialist or inexperienced radiographers 
were considered. 

Hypocycloidal and tri-spiral tube movements gave the 
most uniform blurring, free from "streaking'" and false 
images, and hence were the best for thin section ear tomog- 
raphy. There was no significant difference in the quality of 
the image produced by the Polytome and Stratomatic. 1n 
this investigation the Polytome produced a thinner section 
(0.6 mm) than the Stratomatic (0.9 mm). These complicated 
tube movements offer significant advantages only for 
tomography of the base of skull and face, and the authors 
believe that unless there is a particular interest or demand 
for special examinations of this region, a unit with circular 
or elliptical combined with linear tube movement is ade- 
quate. Press-button selection of movements and angles and 
change to conventional radiography are desirable on such a 
unit but it is difficult to justify a fully-automated system for 
any tomographic unit. 


Although multi-directional tomography has been 
possible since the 1930's it was not until about 15 
years ago that advances in technology led to machines 
with a complicated tube movement becoming freely 
available. These units were often purchased with no 
clear idea of the values and limitations or even 
appropriate applications of multi-directional tomog- 
raphy. An unfortunate new term "polytomography" 
was introduced, which seemed to imply a different 
and superior type of investigation. As du Boulay 
(1969) pointed out, the only advantage of multi- 
directional movement is an even blurring without 
streaking. With linear tomography it is possible to 
obtain sections as thin if not thinner than with a 
multi-directional movement. 

Nevertheless, it is in the investigation of ear 
abnormalities that the greatest refinements and 
developments of uncomputerized tomography have 
most value. The authors’ experience of ear tomog- 
raphy was used as a basis for a comparative survey of 
the performance of available tomographic units in 
this field. Very few such studies have been made and 
we know of only one attempt to assess objectively the 
ability of two different machines to demonstrate 
small ear structures (Wilbrand and Bergstrom, 1975) 


although various tomographic test objects have been 
constructed and used to measure layer thickness and 
definition (Wilbrand, 1975; Littleton, | 19762). 
Littleton's book gives a most comprehensive account 
of the practical aspects of multi-directional tomog- 
raphy. 

There now seems to be a trend towards the pur- 
chase of more versatile tomographic units with 
simpler tube movements which adapt easily to con- 
ventional radiography. It was therefore decided to 
assess the versatility of all multi-directional tomo- 
graphic units and hence their suitability as general 
purpose machines in a district general hospital, As 
well as making subjective assessments of the quality 
of the radiographs obtained, it was decided to com- 
pare the cost of the basic unit, the space occupied, 
and ease of operation. The radiation dose to the eyes 
during tomography of the petrous temporal bone 
was also measured. 


METHODS 

There are presently available in the United 
Kingdom six uncomputerized tomographic units 
capable of multi-directional as well as linear tube 
movement. These are made by five different com- 
panies (Table I). A Polytome and a Maxitome are in 
use in the authors’ departments and one of us has 
personal experience of the Multiplanigraph. The 
other machines were assessed during visits to other 
departments and discussion with the staff using 
them. In most cases more than one machine of each 
particular type was investigated. It was difficult to 
obtain figures for the number of different tomo- 
graphic examinations performed on each unit and 
this aspect is not considered in this survey. 

A standard skull phantom was used throughout. 
Although the vagaries of different machines made it 
difficult, all radiographic factors were kept constant 
as far as possible. These included exposure, field 
size, film-screen combination and focal spot size. 
Coronal sections through the middle and inner ears 
at the level of the oval window were compared. 

For the three most sophisticated units (the Maxi- 
tome, Polytome, and Stratomatic), special views 
were taken of the vestibular aqueduct. Wilbrand ei 
al. (1974) have described the variations in the course 
of this structure and the projection required to 
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TABLE I 


MULTI-DIRECTIONAL TOMOGRAPHIC UNITS AVAILABLE 
IN Great BRITAIN 








TABLE H 
RADIATION DOSE TO THE UNPROTECTED EYE DURING 
PETROUS TOMOGRAPHY IN THE A.P. POSITION. CORONAL 
SECTIONS AT THE LEVEL OF THE OVAL WINDOW USING A 
SMALL FIELD AND A STANDARD RARE EARTH SCREEN FILM 
SYSTEM. DOSE PER EXPOSURE. 





Dose | 
Movement (average) 
used kV fin millirads 
Hy pocycloid 














l 

i Unit and Cost of 

i manufacturer Floor space basic unit 

E : 2600 x 0 x 3710 mm £20670 

E £43735 
2140 « 3700 mm £22409 

G 

f 2762 x 2900 ; mm £18275 

hs . MM 

E 1976 « 3400 mm £31370 

E £47070 

| Plurigrdoh 1880 x 2960 mm £23553 

i G.E. - (Pic ker) © 

i d SEE Nee ae NL CEN (AT OMENS Rees: 

E 2819x3352 mm | £39460 








i 





‘The prices quoted are for the basic unit only and are the 
most recent supplied to us by the manufacturers (1.7.77). 

The Polystratix (C.G.R.) has been discontinued and its 
replacement, the Exastratix, although now available, has not 
yet to our knowledge been installed anywhere in this country. 
A new machine, the Optiplanimat (Siemens) capable of tri- 
and five-spiral movement is similarly not vet installed in 
this country. Other machines, mostly of Italian or Japanese 
manufacture, are available on the world market, but we 
believe that the above list comprises all multi-directional 
tomographic machines currently available and in use in this 
country, 


demonstrate it. We found that 10 deg. off true lateral 
showed the aqueduct best on our phantom skull and 
a template was made to reproduce the position. A 
tomographic test object using | mm metal balls 
spaced 5-10 mm apart, as described by Wilbrand 
(1975) was constructed and used to measure the 
laver thickness produced by these machines. The 
method and means of calculating layer thickness are 
fully described in Wilbrand's paper. 

Eye dose measurements were made with thermo- 
luminescent discs placed on the "cornea" of the 
phantom, as we found that these readings were 
almost identical to those obtained by placing the 
discs on the eyelids of patients. The measurements 
were repeated with lead shields covering the eyes and 
the effect of the shields on the quality of the image 
was also judged. 


RESULTS 
'T'he cost of these machines, shown in Table I, is 
for the basic unit without generator, X-ray tube or 
special accessories; the actual purchasing price 
would consequently be considerably higher. It seems 
that these prices fluctuate widely. The space required 


Tri-spiral 
Figure of eight 


E lipse 36/18 18 deg. 70 

















Ellipse. 40/30. deg. 


Circular 30 deg. 


Multiplanigraph | 














Plu igráph 














showed no startling variations; the more sophisti- 
cated units requiring slightly more floor space than 
the simpler ones. 


Radiation dose to the eye 

In the antero-posterior (A.P.) position of the sub- 
ject, the radiation dose to the unprotected cornea 
during ear tomography was high, but became much 
reduced when lead eye shields were used or when 
the patient was in the postero-anterior (P.A.) posi- 
tion. The dosage from different types of machine 
varied considerably (Table II). Using a movement 
which gives a thicker section and a shorter exposure 
time did not reduce the eye dose. In some cases, 
notably the Maxitome, it was in fact much higher. 
Details of the dosages obtained and methods used 
have been given in a previous paper (Ashley, 1977). 


Tube movement 

The types of tube movement of which these 
machines are capable are shown in Table HI. All 
will perform linear tomographic movements with 
choice of layer thickness. Most will do a reasonable 
selection of circular or elliptical movements, al- 
though for reasons given below we do not think that 
these selections are adjusted to give sections of the 
most useful thickness in many cases. The Maxitome 
is somewhat different in its mode of operation using 
various parts of a figure of 8 or pseudosinusoidal arc. 
In theory a whole variety of examinations is possible, 
but in practice use of the centre X results in un- 
desirable cross streaking, and in our opinion, the 
only useful movements are linear and one or both 
ends of the 8, to give thick and thin sections res- 
pectively. 
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TABLE HI 





Movements 
available (deg.) 
Hypocycloidal 48 
Circular 0-20, 29, 36 
Elliptical 40 in any 

direction 
| Linear 0-50 in any 
direction 


anurat 


Tri- spiral 451 max. 

12 min 
E Circular 0-45 
| 





Linear 0—45 in any 
direction 


z 


Figure of eight 

Any segment of 
figure of eight arc 

Longitudinal linear 
10, 20, 40 


Transverse linear 20 


Maxitome 





Philips 





Elliptical 5, 8, 36 
L ongitudina al linear 
15, 30 
Circular 5.5 
Elliptical 40 
Longitudinal linear 
8, 30 
€ sireular 10, 30 
Elliptical 40 
Longitudinal linear 
6, 20, 30 
Transverse linear 20 








Siemens 





Plurigraph Picker 














he 





General tomography 

The three simplest units, the Multiplanigraph, 
Plurigraph, and B.T.S. 2 offer a similar selection of 
tube movements (Table III). This selection is a little 
more comprehensive on the Plurigraph than on the 
other two. A comparison of coronal section ear 
tomograms using the largest angle circular and 
elliptical movement showed little difference in the 
quality of the radiographs obtained although in our 
limited investigations those obtained from the 
Plurigraph showed slightly reduced quality. 

The Multiplanigraph has a column mounted 
X-ray tube and this can be used for radiography in 
the erect position. The Plurigraph and B.T.S.2 use 
ceiling suspension which allows slightly better access 
to the patient and also complete removal of the tube 
from the area of the table. The tube of the B.T.S.2 
can also beswivelled for horizontal-beam radiography 
across the table. All three units offer easy patient 
positioning by utilization of a floating table top. All 
three have push-button selection of mode (between 
conventional radiography and tomography) and of 


exposure angle. Angulation of the X-ray tube, how- 
ever, is limited to -+20 deg. unless the connecting 
rod is uncoupled. 

Of the specialized units, the Maxitome has features 
similar to those of the simpler units for conventional 
radiography. The Stratomatic, although employing 
the same mechanical arrangement for both modes, 
can have its tube angled onlv 25 deg. and this is con- 
trolled from the console. The Polytome is the least 
adaptable for other modes of radiography as different 
cassette trays are necessary which are not con- 
veniently changed. Table movement on the Polv- 
tome is in a longitudinal direction only whereas the 
other two each have a floating table top. 

Use of a multi-lavered cassette may be an advan- 
tage in many situations, particularly chest tomog- 
raphy, but also in ear tomography to reduce the 
radiation dose to the eyes. This facility is available 
with all the machines described except for the 
Maxitome. 


Special tomography 

The current Polytome Ul retains the original 
method of selecting the tomographic movement by 
changing the "gear" on the main drive disc. The 
Polytome U3 has automatic push-button selection of 
tomographic movement which brings it into line 
with the Stratomatic and Maxitome. In addition all 
three offer automatic beam collimation and cassette 
positioning for multiple exposures. These features 
certainly speed up the examination when many 
tomographic sections are required, especially if as 
on the Stratomatic and Polytome U3 it is possible to 
programme a series of tomographic levels and the 
interval between them. 1f such a facility is available a 
suitable X-ray tube with good loading characteristics 
is necessary to withstand heavy serial exposures on 
fine focus. The large water-cooled tube on the 
Stratomatic is admirable in this respect. When non- 
standard collimation of the beam is required, as for 
the small and variously shaped field sizes necessary 
for ear tomography, automatic collimation is a 
nuisance. The Maxitome is particularly difficult as 
the manual collimation selector button has to be 
depressed each time a cassette is changed and single 
exposures used on each film. 

The Polytome is the only unit on which it is 
possible to angle the cassette for inclined plane 
tomography, as in axial tomography of the orbits 
(Lloyd, 1975). This is achieved by using the so- 
called enlargement tray, which gives a magnification 
factor of 1.6. By its unique system of constant ge- 
ometry the Polytome offers a constant magnification 
factor throughout its range of layer heights. The 
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Stratomatic and Maxitome utilize a constant table 
height with variable fulcrum height and therefore 
have a variable magnification factor which increases 
as the fulerum height increases. A variation in tomo- 
graphic angle also occurs as the fulcrum height is 
changed. It is sometimes useful, for instance in 
tomography of the larynx, to be able to change the 
filtration on the tube. ‘This is easily accomplished on 
the Polytome but not on the Maxitome or Strato- 
matic. 

As described previously an attempt was made to 
compare the performance of the three most sophisti- 
cated units for ear tomography. The same cassette 
and a uniform field size were used throughout. Focal 
spot size on the Polytome was 0.3 mm and on the 
Stratomatics and Maxitomes 0.6 mm, as quoted by 
the manufacturers. We did not attempt to check 
these figures and there may in fact be considerable 
variation from them (Jensen, 1969). The Polytomes 
were used with the grid removed as is standard prac- 
tice in most centres. The grid could be removed 
from the Stratomatic only with difficulty and the 
resultant radiographs were in any case inferior to 
those obtained with the grid in position. The grid on 
the Maxitome cannot be removed. 


Layer thickness and definition 

Using the tomographic test object we obtained the 
following layer thickness measurements: Polytome 
0.6 mm, Stratomatic 0.9 mm, Maxitome 1.00 mm 
(Table IV). There was felt to be little difference in 
the quality of the coronal section ear tomograms, 
although these were better than the sections obtained 
with the elliptical movement of the simpler machines. 
The pictures produced by the Stratomatic were 
considered to have the best definition by several 
observers. The Maxitome pictures had the poorest 
definition and some cross-streaking could be iden- 
tified. 

The effect of | mm lead eye shields on the coronal 
section radiographs was least noticeable with the 


TABLE IV 


RESULTS OF LAYER THICKNESS MEASUREMENT USING A 
'"'owocnapntc Test OBJECT 














| Layer 
| Movement Unit thickness 
| Hypocycloidal Polytome 0.62 mm 


Polytome 2 





| 
| 
| 





Maxitome 
Maxitome 






2 








Polytome. No change of exposure factors was neces- 
sary and only faint residual shadows could be 
discerned which did not significantly affect the visi- 
bility of ear structures. It was necessary with the 
other two units to increase the exposure by 5 kV. 
The Stratomatic produced circular shadows and the 
Maxitome pronounced triangular ones. This com- 
bined with the large radiation dose delivered by the 
Maxitome, would seem to indicate that ear tom- 
ography should only be performed in the P.A. 
position on this machine. 

The vestibular aqueduct, including the isthmus, 
was demonstrated at each attempt with the Poly- 
tomes. However, we were unable to identify it using 
the Stratomatic or Maxitomes although an entirely 
comparable series of sections at 1 mm intervals was 
obtained. 


Discussion 

There is still a tendency to think of “tomograms” 
as a special investigation, although conventional 
tomography, unlike computerized tomography, will 
rarely demonstrate anything that cannot be seen on 
plain radiographs. The increasing use of tomography, 
especially with contrast investigations, means that in 
future conventional tomography should be used 
mainly as an adjunct to routine projections in the 
initial radiological investigation. The increasing 
availability of units which can be used for a wide 
range of routine examinations and have '"'push- 
button" conversion to tomography readily facilitates 
this approach. This is why we consider versatility so 
important in the ideal type of unit for a district 
general hospital which has perhaps four or five radio- 
graphic rooms. 

The exception to these generalizations is in the 
investigation of lesions at the base of the skull where 
sophisticated multi-directional tomography has 
definite advantages. In the demonstration of small 
bony structures, such as the auditory ossicles or 
vestibular aqueduct, the best multi-directional tomo- 
graphic units are capable of resolution to 0.2-0.3 mm. 
Computerized tomographic units are limited to the 
resolving capabilities of the computer matrix and the 
image display of the cathode ray tube: a gross capa- 
bility of approximately 1.5 mm (Littleton, 1976b). In 
the investigation of lesions at the skull base the two 
types of tomography are to some degree comple- 
mentary, CT showing the extent of a soft tissue 
lesion and multi-directional tomography the degree 
of bone destruction. 

In the United Kingdom radiologists are rarely 
asked to demonstrate the vestibular aqueduct, oval 
window or even the full extent of a cholesteatoma, 
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Although linear tomography is unsuitable for ears 
and sinuses a 12 or 15 deg. circular movement gives 
à very satisfactory demonstration of lesions and 
structures in this region (Lloyd and Wylie, 1971). 
The thicker sections obtained are in some ways 
easier to intrepret and the main disadvantage of the 
circular movement, namely the creation of promin- 
ent false shadows, does not seem to be a problem. 
Unfortunately an arc such as this is not available on 
any of the simple machines (Table III). 

We believe that unless there is a demand for or a 
special interest in the investigation of lesions of skull 
base, eyes or ears, tomography using linear or 
circular movement is adequate. Variations on these 
simple movements seem to offer no significant 
advantages although the elliptical is perhaps a useful 
compromise. Table V summarizes what we believe 
to be the required features of a general purpose unit 
which can be fully utilized for a wide range of stan- 
dard procedures where "instant" tomography may 
be helpful. The intravenous pyelogram is the most 
obvious example; not only can a few tomographic 
sections be done when the calyceal patterns are 
obscured but an angled bladder view can also be 
obtained by push-button control. We considered the 
B.T.S.2 was the easiest unit to use and the most 
versatile for conventional radiography. 

The radiation dose to the eyes delivered by differ- 
ent machines varied greatly, being particularly high 
in the case of the Maxitome and the B. T.S.2. We 
cannot account for these differences although re- 
moval of the grid would cause some dose reduction 
with the Polytome. 

Our preferences for equipment and tomographic 
movement for special ear tomography are inevitably 
biased by greater experience with the Polytome U1 
than any other machine. However, we feel that a 
selection of labelled lead diaphragms with apertures 
each giving the field size and shape required for a 
particular investigation is the simplest and most 


TABLE V 
FEATURES CONSIDERED DESIRABLE IN A GENERAL PURPOSE 
TOMOGRAPHIC UNIT 





| 
Simple Bucky table | 
General purpose tube mount | 
Press-button movement and angle selection and | 
change to conventional radiography | 

Floating table top 
Ability to use multi-layered cassettes | 
Three-phase generator | 
‘Tube—High speed anode with 0.6 mm and 1.2 mm | 
focal spot | 
Movements—Linear 10, 20, 30, 40 deg. | 
| 





Circular (or elliptical) 12, 30 deg. 





satisfactory form of collimation. Similarly, automatic 
cassette positioning for multiple exposures on one 
film, is no quicker than the hand-operated system in 
conjunction with an agile radiographer. Although 
the automated system of the Stratomatic is better 
than that of the Maxitome, we do not think that the 
added cost and complexity of automated systems 
justifies their small labour-saving advantages. 

'The results of our layer thickness measurements 
are similar to those obtained by Wilbrand although 
we found a greater difference between the Polytome 
and Stratomatic. The layer thickness measurement 
for the Maxitome although more than the other two 
was less than that obtained by Littleton (1976a). 
These results are dependent on a large number of 
variables and are only applicable to the tomographic 
and film screen systems used. However, our con- 
sistent ability to demonstrate the vestibular aquedugt 
with the Polytome but not with the other two ma- 
chines would seem to depend on this difference in 
layer thickness. For a more complete review of the 
significance of layer thickness and its measurement 
the works of Wilbrand (1975), Littleton (1976), or 
Stieve (1972) should be consulted. We have un- 
fortunately had no chance to assess the Optiplanimat 
which uses a tri- or five-spiral movement and 
apparently gives a good result concerning layer 
thickness (Wilbrand, personal communication). 

The limiting factor in the resolution of fine detail 
seems to be the recording system, and the choice of a 
good cassette and film screen combination is prob- 
ably as important as the size of the focal spot or 
choice of hypocycloidal or spiral movement, as long 
as the tomographic plane is stable and homogeneous. 


CONCLUSIONS 

Many comparative aspects of this survey are based 
on subjective assessments and personal preferences 
and as such are of limited value. A factor not con- 
sidered and one which greatly influences any pros- 
pective purchase is the standard of after-sales service 
of the company concerned. Although much of the 
information given above may be obtained from the 
appropriate brochures, we feel that a critical assess- 
ment of the capabilities of these machines together 
with objective measurements of layer thickness and 
radiation dose permit the following conclusions: 


A, General tomography and radiography 

1. The Multiplanigraph, Plurigraph and, B.'T.5.2 
are the most suitable machines. They are similarly 
priced and have a similar choice of tube movement. 
We found the B.T.S.2 the easiest to operate, but it 
did produce the most radiation to the eyes. 
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2. The elliptical and circular movements can 
produce adequate tomograms of the ear. Expansion 
of the internal auditory meatus or attic erosion by a 
cholesteatoma can be satisfactorily demonstrated. 

3. The specialized units are less suitable for 
general work. The most unsuitable and least adapt- 
able is the Polytome U1 which is the only one in the 
same price range as the three simple units. 


B. Special tomography 

1. The Polytome U1, although “old-fashioned” 
in its mode of operation, is at the moment almost half 
the price of the other two specialized units. In our 
opinion the ability to do inclined plane tomography 
is very valuable and our box of home-made lead 
diaphragms the best system of beam collimation for 
tomography of the skull base. 

»2. In this investigation the Polytome consistently 
produced a thinner section than the Stratomatic and 
Maxitome. This is not necessarily an advantage and 
several independent observers considered that the 
coronal section ear tomograms produced by the 
Stratomatics were the best. However we can only 
attribute our consistent ability to demonstrate the 
vestibular aqueduct with the Polytome alone to this 
difference in section thickness. 

3. 'The Maxitome, besides giving the largest radi- 
ation dose to the eyes during ear tomography, has 
several design disadvantages; the inability to use a 
multi-layered cassette and difficulties with non- 
standard beam-collimation in particular. The figure 
of 8 movement has linear characteristics and is 
inferior to the spiral or hypocycloidal for tom- 
ography of the skull base. 

4, Although we feel that full automation is not 
justified for tomography as it is practised in the 
United Kingdom, nevertheless the Stratomatic has a 
well-designed system which allows a large number of 
rapid exposures with the minimum of effort. 


ACKNOWLEDGMENTS 

We wish to thank Dr. J. D. Fitzpatrick and Miss D. N. 
Chesney for their advice and the staff of the following 
hospitals for their help and cooperation: Royal Free 
Hospital, London; University Hospital, Copenhagen; Sal- 
ford Royal Infirmary; St. James Hospital, Balham; North 
Staffordshire Infirmary, Stoke-on-Trent; Leicester Royal 
Infirmary; St. Cross Hospital, Rugby; Horton General 
Hospital, Banbury and also the Radcliffe Infirmary, Oxford 
and Royal National Throat Nose and Ear Hospital, London 
whence many of the ideas regarding usage of the Polytome 
for ear tomography were obtained. The Department of 
Clinical Physics and Bio-Engineering, Coventry, undertook 
the eye dose measurements. This survey was supported by a 
Bursary award from Coventry Area Health Authority to one 
of us (A.J.A.) and a research grant from the West Midlands 
Regional Health Authority. 


REFERENCES 

AsuLEY, A. J., 1977. Radiation dose to the eyes of patients 
during petrous bone tomography—a comparative survey. 
Radiography, XLIII, 211—216. 

pu BouLav, G., and Bostik, T., 1969. Linear tomography in 
congenital abnormalities of the ear. British Journal of 
Radiology, 42, 161—183. 

Jensen, J., 1969. Malformations of the inner ear in deaf 
children. Acta Radiologica Supplementum, 286, 26. 

LITTLETON, J. T., 1976a. In Tomography: Physical Principles 
and Clinical Application (Golden's Diagnostic Radiology, 
Section 17), Chapter 4, pp. 93-126 (Williams and 
Wilkins, Baltimore). 

1976b. In Tomography: Physical Principles and Clinical 
Applications (Golden's Diagnostic Radiology, Section 17), 
introduction, pp. ix (Williams and Wilkins, Baltimore). 

Lrovp, G. A. S., 1975. Axial hypocycloidal tomography of 
the orbits. British Journal of Radiology, 48, 460—468. 

LLovp, G. A. S., and WYLIE, I. G., 1971. Zonography of the 
petrous temporal bone. British Journal of Radiology, 44, 
940-945, 

Srieve, F, E., 1972. Uber den Bildaufbau in der 'lT'om- 
ographie bei ein- und mehrdimensionaler Verwischung. 
Fortschritte Rontgenstrahlen, 116, 253-265. 

WiLBRAND, H. F., and Bercsrrom, B., 1975. Multidirec- 
tional tomography of defects in the facial canal. Acta 
Radiologica, Diagnosis, 16, 223-240. 

WiLBRAND, H. F., RAsk-ANDERSON, H., and Giistrine, D., 
1974. 'The vestibular aqueduct and the para-vestibular 
canal. An anatomic and roentgenologic investigation. 
Acta Radiologica Diagnosis. 15, 337—355. 

WirtBRAND, H. F., 1975. A tomographic test object. Acta 
Radiologica, Diagnosis, 16, 151—171. 





Book review 


Monographie des annales de radiologie. 14. La myélographie 
opaque. By M. Bocher, M. Garnier, J. F. Magoyer and P. 
Buffard, pp. 88, illus, 1977 (L'Expansion Scientifique, 


Frangaise, Paris) F.100. 


Since the introduction of metrizamide, oil contrast 
myelography has become a method with a declining ap- 
plication. Many excellent texts have been devoted to the 
simple procedure, interpretation of pathological appearances 
and complications. This monograph in French adequately 
covers the subject and is well illustrated, but it adds nothing 


to the available English texts. 


B. E. KENDALL. 
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ABSTRACT 

Myocardial images with thallium 201 are recorded on a 
computer with the ECG tracing and the cardiac cycle 
divided into 16 consecutive images. The patients then re- 
ceive *"T'c^ albumin for first pass and a subsequent ECG 
gated series for comparison with the myocardial studies. 

‘These images can be superimposed and allow the topo- 
graphic relationships of thallium uptake and ventricular 
contractility as reflected by the blood pool, to be seen. 
Quantitative parameters such as ejection fraction and stroke 
volume are also obtained. Examples in clinical practice are 
given. 


By marking myocardium and cardiac blood pool, 
and recording their movements by means of a 
multigating technique, it is possible to determine the 
relationship between the degree of myocardial up- 
take of potassium-like isotopes and the value of the 
ventricular kinetics. 

Up to July, 1976 a total of 240 patients underwent 
nuclear dynamic studies of the heart, 90 examined 
by combining both approaches. Abnormal cases are 
listed in Table I. Most of these had myocardial 
infarctions. This is due to the particular interest of 
cardiologists for this non-invasive way of assessing 
overall and regional functional value of the left 
myocardium in coronary artery disease. 

'The procedure we have been using is as follows: 
thallium 201 is first administered intravenously to 
the patient (2 mci). ‘Thirty minutes later, images of 
the heart are recorded using an Anger camera (Pho- 
gamma LFOV) connected to a data processing 


TABLE I 








‘Total number of examinations 286 (237 patients) 


(November, 1976) 





| 

i 

| 

i 

" CN TEENS T zal 

Double tracer studies 92 (87 patients) l 

{myocardium + blood pool) i 
—Normals 10 
—Angina 5 
—-Infarcts 53 
-Valvular diseases 8 
— Miscellaneous 11 





system (Informatek). The views recorded are gen- 
erally the frontal and left anterior oblique, plus 
sometimes the left lateral one, according to the 
clinical problem. Multigating technique spans tke 
cardiac cycle through 16 consecutive sequences. 
Series of sequences are triggered by the R wave of 
the ECG. Two or three hundred cycles are summed 
to obtain good counts statistics for each sequential 
frame (Adam et al, 1974; Agress et al, 1976; 
Alpert et al., 1974; 1976; Geffers et al., 1976; Green 
et al., 1975). 

The data are stored in a buffer memory. The 
analogue pictures are registered on a radiographic 
film for immediate control and gross evaluation. 

After having completed the last view, the patient 
is injected with 15 mci of 9T'c™ serum-albumin 
without changing his position relative to the detec- 
tor. The first passage of the radioactive bolus is 
recorded. Then 16 gated views of the blood pool are 
taken; here again, analogue and processed data are 
obtained. 

'The data can be displayed in various ways on a 
'TV screen. The 16 sequential frames covering the 
whole cardiac cycle can be presented either separ- 
ately for myocardium and cardiac blood pool, or 
superimposed. À first approach of the study is 
performed by grouping on the same view end- 
diastolic and end-systolic frames from both the 
myocardium and the cavities (Fig. 14). More detailed 
analysis is made possible by displaying, at a high 
rate, the 16 frames on the TV screen. It is often 
better to replace the images of the cavities by 150- 
count lines for a well chosen level of activity in order 
to represent the outlines of the heart chambers. 

'The series of isocount lines from diastole to 
systole can be superimposed and compared with the 
myocardial uptake of thallium on the same figure 
(Fig. 15). 

In a normal case the parallelism of the lines, with 
approximately the same thickness of the bundle 
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Normal myocardial and blood pool dynamic 
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(4) End diastolic (D) and end systolic (S) patterns of 


vocardium (My) and blood pool (BP) selected from a series of 16 frames spanning the whole cardiac cycle, at equilibrium. 
Black and white photographs of the computer TV screen displaying the rate of radioactivity in a color scale. This decreases 


from the red white, 


reproduced here in white in the center, to the blue represented here by the light grey at the periphery). 


Homogeneous distribution of thallium reflects homogeneous perfusion. Comparison of diastolic and systolic frames of 
myocardium reflects a synergic and good contraction. The same holds for BP images. 


B) Sequential isocount lines of blood pool from diastole (external line) to systole (internal line) superimposed on the 
liastolic myocardial image taken in exactly the same position. Note the good parallelism of lines reflecting the homogeneity 
of the LV wall motion. 


Distribution of the point diastole to systole difference in blood pool counting (equivalent stroke volume), giving a 
functional image here in grey scale. Isocount diastolic and systolic lines are superimposed 


around the left ventricle, evidences the synchronous 
movement of every portion of the wall. 

\nother way to image the functional value of the 
left ventricle is to compute point by point the value 
of the equivalent of the ejection fraction or the 
diastole to systole counting difference (Itti et al., 
1969; Kaihara et al., 1969; Luig et al., 1974; Meyer 
et al., 


compared 


1974). This resulting functional image is 
with the uptake of thallium in the 
myocardium. According to the probability that the 
distribution of the uptake of thallium by the heart 
parallels the regional perfusion of the muscle, one 
could suppose that normally radioactive areas cor- 
respond exactly with the functional parts of the wall 
and that, conversely areas of decreased uptake are 
hypofunctional or even dyskinetic. Our purpose was 
to test this hypothesis as clearly as possible by the 
of the 
the ejection fraction is determined 


combined study muscle and its function. 
Quantitatively 
from the quantities of radioactivity in the regions of 
interest (whole ventricle or parts of it) at end 
diastole and end systole. Volume equivalent curves 
are traced from the counting rate versus time along 
the cycle. Alternatively the total ejection fraction can 
be calculated cycle by cycle from the recorded curve 
of the first passage in the left ventricle. 

Thus it is possible to accumulate two types of 
data: on the one hand the topographic relationship of 
concentration of thallium and 


the areas of con- 


tractility reflected by the motion of the radioactive 
blood pool, and on the other hand, quantitative 
values of parameters such as variation of the left 
ventricular volume, stroke volume, time of ejection, 
etc, and relative values of these in different parts of 
the chamber. 

Figures 2 and 3 illustrate two cases of myocardial 
infarction which were apparently very different from 
the clinical assessment. The first one was a 57-year- 
old patient with clinical and ECG signs of anterior 
infarction, The nuclear dynamic study was per- 
after The myo- 
cardial LAO view (Fig. 24) reveals an extensive 


formed infarction. end-diastolic 
hypoactive area in the antero septo-apical wall. The 
LAO view of the cavities (Fig. 2B) shows a persist- 
ent and high activity, 7.e. a stagnant blood pool in the 
area of poor uptake of thallium. Superimposition 
shows (Fig. 2c) the isocount lines separated only 
on the most radioactive portion of myocardium. On 
Fig. 2c, end and 
superimposed on the distribution of the "stroke 
volume" calculated point by point; the brighter the 


svstolic diastolic contours are 


point, the higher the value. From these images, one 
can appreciate the mobility of the ventricular wall 
and the extent of its akinetic part. The ejection 
fraction is best near the left lateral wall. Near the 
apex it was found lower than 0.10, instead of 0.40 to 
0.50 in the mobile zone. The value for the whole 
ventricle was 0.15. 
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. 
í D 
Fic. 2. 
(A) Diastolic frame of left myocardium (LAO) view demonstrating a large defect on the anterior (ant.), sc ptal (5 
and apical (A) segments due to a large myocardial infarction. The uptake of thallium is normal on the lateral 
wall (L). 
(B) Diastolic frame (in grey scale displayed) showing a dilated left ventricle. 
(c) Diastolic frame of myocardium and superimposed isocount lines of the blood pool from diastole to systole 
Note the topographic correspondence between the thallium uptake defect and area of akinesia (isocount line 
stuck together reflecting the loss of wall motion) 
(n) Functional image ("stroke volume’’) in grey scale, the two isocount lines representing diastolic and systoli 
contours are superimposed. 
The second case involved a very athletic 27-year- — later he developed a limited infarct in this region as 
1€ second Case involved a very athletic Z/-vear ater he developed a limited infarct in this region as 


old man, who presented with symptoms of coronary confirmed by clinical, ECG and scan findings. The 
artery dise 





ase three months before our dynamic end diastolic and end systolic frontal images of the 
studies. At this time, all the examinations, including myocardium (Fig. 34) reveal a thick inferior myo- 
coronary arteriography, were normal, except for a cardial wall, but a decreased concentration of thal- 
myocardial scan showing a decreased uptake of lium in the antero-lateral wall, with a defect clearly 
thallium in the anterolateral wall. Three months seen on the end diastolic image. The most significant 
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Limited antero-lateral infarction with local asynergy of wall motion. (A) Top: diastolic and systolic myocardial frames in 


anterior view 


Note the high activity of the thickened inferior wall in this athletic voung man. Limited defect of thallium 
iptake in the lateral wall, and hypo-activity in the neighbouring area. Belot: 


Blood pool frames: an expansion is visible as an 


angle at the svstolic time 


(B, Superimposition of isocount lines and myocardium shows the excellent correspondence between the local abnormality in 
the wall motion and the thallium defect, 


Superimposition of stroke volume distribution (grey scale) and extreme isocount lines. Here again, the decreased regional 
left ventricular function is shown by both displavs. 


blood pool picture is the end-systolic one with an 
angle on the left lateral edge. The sequential iso- 
count lines describing the left ventricular motion 
superimposed on the myocardium (Fig. 3B) illus- 
trate the close relationship between systolic expan- 
sion and low myocardial perfusion. Also (Fig. 3c) 
the systolic expansion corresponds to the part of the 
ventricle where the ejection fraction is the lowest. 
The mean ejection fraction for the whole left ven- 
tricle was 0.50. 

\ second ventriculography performed at this time 
confirmed the presence of a limited hypokinetic 
arca 

'The 


multigated myocardial and blood pool studies allows 


nuclear medicine procedure combining 
good assessment of the topographic relations be- 
tween thallium uptake and ventricular function. 
lhis is particularly clear in localized myocardial 
alterations as, for example, infarction with hypo- or 
dyskinetic areas in the ventricular wall, or aneurysm. 
l'hese cases are both the most frequent ones and the 
cases in which this combined technique has the 
most to contribute. 

Chis non invasive procedure, which can be re- 
peated as often as necessary, is an important con- 
tribution in the follow up of coronary artery dis- 
eases and also before and after surgery. 

For a simple tracer dose, views at various angles 
and projections may be performed, which allows, in 
some cases, the detection of slight abnormalities in 
myocardial function. Our second case was an ex- 
ample of the value of combining the two studies: 


multigated technique applied to both myocardium 
and blood pool increases the precision of topo- 
graphic and kinetic data, and provides qualitative 
of left ventricular functional para- 
Correlation with ventriculography 
good. Outlines of the left ventricle from radiological 


determination 


meters. Was 


and radioisotopic images were in good agreement 
for demonstrating wall motion disorders. 
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Book review 


Exercises in Diagnostic Radiology—8 Diagnostic Ultrasound. 
By B. B. Gosink and L. F. Squire, pp. 183, illus., colour, 
1976 (W. B. Saunders Co., Philadelphia, London, Toronto), 
46-00. 

This volume in the "Exercises in Diagnostic Radiology” 
series, like its predecessors, aims to teach by illustrated 
examples. The main body of the text consists of a series of 
problems potentially soluble by ultrasound techniques, each 
with a capsule clinical summary and a single ultrasound 
tomogram. 'T'he reader is invited to reach a diagnosis before 
turning the page to read what became of the patient. The 
whole field of diagnostic ultrasonics is covered, including 
the abdomen, obstetrics, opthalmology, echo-encephalogra- 
phy and echo-cardiography. 

An initial section on the elements of the physics of ultra- 
sound is supplemented by more detail in each of the main 
following sections covering points relevant to the particular 
anatomical problems. The book is imaginatively assembled 
with excellent integration of the roles of ultrasound and 
conventional radiology as well as nuclear medicine. There 
are useful summaries at the end of each section on the sorts 
of problems to which ultrasound may be expected to 
contribute diagnostic information. 

Inevitably, in a book of this size the subject is not covered 
in any great depth, and it is more useful as a short intro- 
duction to the subject for physicians or radiographers than 
as a manual for ultrasound specialists, but it will also be 
useful as quick revision material for those facing specialist 
exams. 

The abdominal and obstetrics section suffers from a 
particular weakness in that too few ultrasound tomograms 
are presented in the question part of each diagnostic prob- 
lem. Unlike conventional radiology or isotope imaging 
where a single picture may contain all the information 
obtained from a particular projection, ultrasound scanning 
is tomographic and a full impression of the area being 
scanned requires the mental integration of a number of the 
two-dimensional tomograms. Any single view is likely to be 
unrepresentative and certainly no diagnostician would 
contemplate making a diagnosis with only one view avail- 
able. Thus the exercises presented are unrealistic and in 
principle are misleading. Apart from this the material is 
good and is well and accurately presented in a racy con- 
versational style which some readers will find an aid to 
concentration and others merely an irritation. 

D. O. COSGROVE. 
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The determination of anatomical cross-sections using a 


radiotherapy simulator 


By R. M. Harrison, M.Sc., M.Inst.P., and F. T. Farmer, B.Sc., Ph.D., F.LE.E., F.Inst.P. 
Regional Medical Physics Department, Newcastle General Hospital, Newcastle upon Tyne NE4 6BE 


(Received September, 1977 and in revised form January, 1978) 


ABSTRACT 

À system for obtaining anatomical cross-sections for 
treatment planning using a radiotherapy simulator is des- 
cribed. A fluorescent screen is viewed by a low light level 
Jsocon television camera and the video signal is digitized and 
stored. Many projections of the phantom are obtained by 
rotating the simulator gantry. À convolution algorithm has 
been used to reconstruct chest sections in which skin and 
jung outlines are visible. The technique could also be used 
to, make corrections to radiotherapy dose distributions 
where irradiation of lung tissue is involved. 


Accurate radiotherapy treatment planning requires a 
knowledge of cross-sectional anatomy, for three 
main reasons. First, the physical extent of the 
tumour and its relation to surrounding tissues must 
be known in order to select the correct size and 
orientation. of the X-ray fields. Second, critical 
organs may need to be shielded and this can only be 
done if their position is known. Third, an estimate 
of the cross-sectional density distribution enables a 
correction to be made for the attenuation of the 
X-ray beam in differing materials and the sub- 
sequent modification of absorbed dose distributions. 
‘The skin outline can also be derived from the cross- 
sectional image. 

'The development of computed tomography has 
provided this knowledge, although such systems are 
expensive and often remote from other treatment 
planning apparatus. ‘There are clearly advantages in 
using existing treatment planning equipment, e.g. 
radiotherapy simulators, for the production of cross- 
sections (Harrison and Farmer, 1976). Photographic 
film in conjunction with a simulator (Webb et al., 
1977) and video signals from X-ray fluoroscopy 
systems (Kak et al., 1977; Lantz et al., 1975) have 
also been used to produce cross-sections. This paper 
describes some preliminary results in the derivation 
of anatomical cross-sections using a radiotherapy 
simulator with a television viewing system and the 
methods of computed tomography. 


SUMMARY OF THE THEORY OF COMPUTED 
‘TOMOGRAPHY 
Consider a section of a phantom irradiated by 
many independent pencil beams of X rays (Fig. 1). 


If the section can be represented by a two-dimen- 
sional distribution of attenuation coefficient u (x,y) 
then 


1; (x) Ip exp [- fu (xv)dv] . (0) 


where /, is the initial beam intensity and 7, (x) is 
the transmitted intensity when the beam has been 
rotated through an angle 8 to the x axis. 

Using equation (1) we define a projection of the 
section at an angle as 


Po (x) «In Io (x^) 
I, 


oo 
-fayd . .Q 
-0)0 

We wish to estimate p (x, y) from a number of 
projections at various angles 8. This problem has 
received considerable attention in recent years and 
has been reviewed by Brooks and DiChiro (1975) 
and Pullan (1976). 

The method chosen in this study is the con- 
volution or filtered back-projection technique. The 
concept of back projection is illustrated in Fig. 2. 
The value of p (x, y) at a point Q in a section is 
proportional to the sum of the corresponding pro- 
jection values at ay’, x2, x3’ ete. It can be shown 
(Gilbert, 1972) that a section reconstructed using 
this simple scheme results in a picture which is 
“blurred” by convolution of the "true" picture with 
a l/r function where r is the radial distance from the 
origin of this function. This blurring can be removed 
by filtering the Fourier transform of each projection 
with a function F (X) shown in Fig. 3a followed by 
performing the inverse Fourier transform. Thus if 
G (x°) is the modified projection then 


Gov) 1 (E PFA © GQ) 
where 7 denotes the Fourier transform and 7-! the 
inverse Fourier transform. 

Back projection of Gg (x’) results in a reconstruc- 
tion in which the blurring has been removed. The 
high frequency cut-off in the filter F (X) implies 
that no frequencies greater than Xmax will be present 
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F(X) 





Fic. 1, 
Projection of an object using a parallel beam of X rays. 





B 
Fic. 3. 


(a) Ramp function F(X) in frequency space. 
(n) g(x), Fourier transform of F(X). 


in the reconstruction, thus setting a limit to the 
resolution attainable. 

The modified projections Gy (x') may also be 
obtained by performing a convolution operation in 
real space rather than a filtering operation in 
frequency space (Pullan, 1976). 


Thus 
Ga =Po) žaga) 2. A) 
where * denotes the convolution operation and 
qP LS) 


q (x') is shown in Fig. 35. Evaluation of q (x^) and 
further discussion is given by Gilbert (1972), 
Bracewell and Riddle (1967) and Ramachandran and 
Lakshminarayanan (1971). 

Some modification of the basic function shown in 
Fig. 3a is possible in order to achieve smoothing 
and to reduce the oscillatory nature of g (x) caused by 
the abrupt cut-off of F (.X) at Xmax (Chesler and 

Fic. 2. Riederer, 1975). The number of projections N 
Back projection for three orientations of the X-ray beam, needed for uniform resolution has been given by 
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several — (e.g. Bracewell and Riddle (1967)) as: 
>nMX max ; y . . (6) 


where M is the maximum siti extent of the 
object. This theory assumes narrow parallel beam 
conditions. Practical departures from this theory 
will be discussed in a later section. 


EXPERIMENTAL MEASUREMENT OF PROJECTIONS 
UsiNG A RADIOTHERAPY SIMULATOR 
Description of simulator 

'The machine used in this study is an extensively 
modified T.E.M. Ximatron with a novel viewing 
system (Farmer and Ross, 1975; "Thompson, 1977). 
A 48,5 «48.5 cm fluorescent screen is viewed by a 
low-light level Intensifier Isocon television camera 
P 8096 (English Electric Valve Co. Ltd.) This 
igstrument consists of a single stage 40 mm Image 
Intensifier optically coupled to a 55 mm Image 
Isocon (P 8041). The large screen enables entire 
chests, for example, to be viewed without recourse to 
the “scanning” procedure often employed in com- 
mercial machines. 

For computed tomography applications the X-ray 
beam is collimated to form a narrow fan of dimen- 
sions 48.5 « 2.0 cm at the screen (Fig. 4). The 
scattered radiation intensity at the screen is reduced 
by use of a crossed grid and the unused portions of 
the screen are optically masked to eliminate light 
produced by leakage of primary radiation. The 


x-ray beam 


x-ray lransparent 
cover 


x-ray grid 


fluorescent screen 


Isocon 
camera 





Fic. 4. 
Schematic diagram of the simulator viewing system. 


screen is viewed by the television camera via an 
angled mirror so that the TV lines are parallel to the 
long axis of the illuminated strip. A single TV line 
passing through the centre of the strip consists of a 
voltage which is modulated by some function of the 
transmitted X-ray intensity and therefore rep- 
resents a projection. If the TV line is digitized and 
stored, several projections can be accumulated by 
rotating the gantry. Figure 5 shows the external 
appearance of the simulator with the X-ray head on 
the right and the viewing system on the left of the 
picture. Both units are attached to the rotating 
gantry. 


Video line sampling and storage 

Figure 6 shows a schematic diagram of the 
sampling operation. Upon receipt of an external 
trigger, at a particular gantry angle, the video signal 
is sampled at 2.6 MHz by a Serial Analogue Memory 
device (Reticon Corp) which stores, in analogue 
form, 128 samples of the signal. 

When the read-in cycle is complete a pulse is 
supplied to a DEC PDP-8 I computer which 
initiates the read-out cycle. The 128 samples are 
transferred sequentially to the computer at 11 kHz 
for analogue to digital conversion in 256 levels, and 
the data stored in core memory. The system is then 
ready for further collection of data. The complete 
set of data has, for experimental purposes, been 
transferred on paper tape to an IBM 370 computer 
at the University of Newcastle upon Tyne, as input 
to the convolution algorithm. This large computer 
system provides the facilities necessary for program 
development although an on-line system employing 
a mini-computer is likely to be a more practical 
solution in the hospital. 





Fic. 5. 


The radiotherapy simulator showing X-ray head (right) and 
viewing system (left) mounted on rotating gantry. 
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Diverging beam geometry 

The theory given above assumes that a parallel 
X-ray beam is used. Several modifications to the 
theory for the case of fan beams have been sug- 
gested. The projection data from the diverging 
X-ray beam can be rearranged so that approxi- 
mations to a parallel beam result (Wang and Cho, 
1975) or multiple convolutions can be performed to 
allow for divergence (Pang and Genna, 1975). 

It can also be shown that back projection of the 
projection data along converging trajectories fol- 
lowed by a two-dimensional frequency filtering 
operation (or two-dimensional spatial convolution) 
leads to the correct reconstruction (Budinger and 
Gullberg, 1975). For the relatively small angle of 
divergence used in this work (16 deg.), a simple 
correction has been made whereby the projection 
data are convoluted as described above and the 
resulting modified projections back-projected along 
converging ray paths which represent the geometry 
of the X-ray beam used. 

Camera transfer characteristics 

It is important to relate the magnitude of the 
video voltage to the luminance of the fluorescent 
screen. It is assumed that the luminance is directly 
proportional to the incident X-ray intensity. Devi- 
ations from this condition due to beam hardening 
effects (Baily and Keller, 1976) are under exam- 
ination but have been ignored in this preliminary 
study. Experiments with an electroluminescent 
screen whose luminance can be controlled have 
enabled the transfer characteristics of the Isocon 
camera to be measured (Fig. 7). At the low light 
levels used, the relationship between video voltage 
(V) and X-ray intensity (7) is taken to be 

Voc In 
where m is a constant. 


(7) 












CLOCK IN 


OuT 
SERIAL 


VIDEO OUT 





ANALOGUE 





COMPUTER 





MEMORY 





START READ CLOCK OUT 


END OF LINE READ IN 


Fic. 6. 
Block diagram showing the sampling and storage of a TV 
line. 
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At higher levels of luminance the “knee” of the 
transfer characteristic is encountered and m is no 
longer constant. It is desirable therefore to operate 
the camera in the region below the "knee". From 
equations (2) and (7) we have 
Fe : .— (8) 
Vy (*’) ‘| 
Thus P, (x') is easily determined since Vy and V, 
(x') are the video voltages corresponding to Je and 
I, (x') respectively. The importance of measuring 
the transfer characteristics of an individual TV 
camera system when quantitative measurements are 
to be made has been stressed by Baily and Keller 
(1976). 

In practice, the unattenuated beam profile V; (x^) 
and the beam profile with phantom V, (x') are 
measured and P, (x’) calculated for each of $28 
values of x’. 


Po(x)-— L én 


THE RELATIONSHIP BETWEEN SENSITIVITY 
AND SPATIAL RESOLUTION 

An expression for the relationship between sensi- 
tivity, spatial resolution and radiation dose has been 
given by Pullan (1976). If we allow for the camera 
transfer characteristic (equation 7) then we may 
write for an element of the phantom of dimensions 
a x a and depthh: 





ws 
Da 9 
ah (9) 
where D is the radiation dose 
vis the sensitivity (v ==] ôy) 
Sef g? (x) dx (10) 


-90 


and q (x) is the convolution function (Fig. 3(b)). 


(arb. units! 


signal 


video 





2 5 10 20 30 


screen luminance arb, units? 


Fic. 7. 
"Transfer characteristics of the Isocon camera (log scales). 
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For a simple ramp function where the projection 
data P, (x^) are sampled at intervals of a, 


So — 
a? 

and equation (9) reduces to the form given by 
Pullan (1976) £e. 


D E 
ash 


If a^! represents the resolution of a reconstruction 


and v! represents the inaccuracy in the value of a 


picture element then 
ns /1\2 r 
| J Y | | of Hounsfield (1976) 
a T 


Thus for a given dose, an increase in sensitivity 
can be achieved at the expense of spatial resolution. 
Conversely, an increase in the resolution (decrease 
in a) means that the sensitivity is reduced and the 
projection data must be sampled at finer intervals 

For the system described here, the projection data 
are sampled at 128 points per projection and the 
reconstruction mapped onto a 64 x 64 matrix. An 
increase in sensitivity without further degradation in 
resolution implies that A and D need to be increased. 
In practice this means that several adjacent TV 
lines should be averaged and that the X-ray tube 
current should be increased. An increase in dose 1s 
not necessarily disadvantageous when the technique 
is used in radiotherapy treatment planning, since the 
dose will in any case be much smaller than the 
subsequent therapy dose. 


RESULTS 
Sixty projections of a chest phantom at 4 deg. 
intervals were taken using a 100 kV X-ray beam 
filtered by 1.5 mm Al and a tube current of 3 mA. 
Fig. 8A shows a reconstruction made under these 
conditions and displayed on a 64 64 matrix. The 
skin and lung outlines can clearly be seen and the 





spine is discernible 
Figure 8c is a tracing of the actual phantom 
o made as close as possible to the position of the 


Q 


9 Fic. 8 
Cy Reconstructions of a chest phantom 


9 c => (a) 60 projections, 4 deg. increments, 64 x< 64 matrix 


(n) 60 projections, + deg. increments, 256 x 256 matrix, bs 
interpolation using same basic data as (A). 


(c) Outline of the section irradiated. Note the unfortunate 
( lack of realism in the present phantom 
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irradiated section and scaled appropriately. Figure 
8B is the same reconstruction as Fig. 8a but 
displayed on a 256 x 256 matrix, using linear inter- 
polation (Fenwick, 1977). The correction for 
diverging beam geometry described above was used 
and the convolution method applied using the 
discrete form of the convolution function 
(Ramachandran and Lakshminarayanan, 1971) with 
no smoothing. 

The phantom consisted of a skeleton embedded in 
uniform tissue-equivalent rubber with uniform 
lung-equivalent sponge. It is difficult to predict the 
detail that would be seen in a real chest section, but 
it would appear that the contrast between lung and 
tissue would permit the visualization of a tumour of 
moderate size invading the lung. 


CONCLUSIONS 

Preliminary experiments have shown that a radio- 
therapy simulator of the design described can be 
used to produce anatomical cross-sections of the 
body. The quality of the picture obtained so far 
compares unfavourably with that of modern CT 
scanners and this is attributable to a number of 
factors. 

First, owing to the sampling method used, the 
efficiency of photon utilization is poor, resulting in 
random noise in the image. 

Second, the picture quality is limited by the 
relatively small number of projections (60) we have 
used; an increase in this number as well as in the 
tube current (and hence patient dose) would im- 
prove both sensitivity and resolution. 

Third, electronic noise in the camera is a possible 
cause of picture degradation at the very low light levels 
present. Accurate adjustment of the camera is essen- 
tial and work is still in progress on the optimum cam- 
era characteristics for operation at low levels of light. 

Despite these limitations the reconstruction 
shown in Fig. 8 shows detail which may be sufficient 
to be of value in radiotherapy planning, where the 
purpose of cross-sectional imaging is to reproduce 
essential anatomical detail and not necessarily to be 
of very high diagnostic value. 

It is felt, therefore, that the combination of a 
simulator with such a computed tomographic facility 
has considerable potential and already shows some 
value in radiotherapy, making use as it does of the 
existing engineering and X-ray facilities of the 
simulator and adding only a relatively small amount 
to the total cost both of equipment and accom- 
modation in the hospital. 
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ABSTRACT 

Phantom measurements were carried out to define the 
dependence of standard thyroid uptake measurements on 
gland depth, gland mass and lobe separation. In the case of 
"c and H, depth can cause a variation of up to a factor 
of two in the apparent uptake, while in the case of !??] the 
variation due to depth is a factor of about four. By contrast, 
gland mass and lobe separation cause only small errors, of the 
order of 2 and 16°, respectively for medium energy isotopes. 
‘These errors are particularly important when the uptake 
value is used to guide prescription of WH] for therapy of 
thyrotoxicosis. 





Quantitative measurement of the amount of radio- 
activity in the thyroid after administration of tracer 
doses is the object of tests usually referred to as 
uptake measurements. The techniques widely used 
at present for this type of test involve comparison of 
the count rate over the surface of the neck, anterior 
to the thyroid, with the count rate over a neck 
phantom containing a model thyroid under specified 
conditions of geometry (Goolden, 1971). Thus the 
neck phantom acts as a true standard for the amount 
of activity administered to the subject only to the 
extent that the phantom and model thyroid conform 
to the geometrical and attenuation conditions pre- 
sent in the patient (Schulz and Rollo, 1970; Sear, 
1970). These conditions can be specified by refer- 
ence to the depth of the gland, its mass, and the 
separation of its lobes. While it is known that these 
factors can influence the accuracy of an uptake 
measurement, corrections are not generally applied 
for them, with the possible exception of situations in 
which 125] is used (Rhodes and Wagner, 1971). The 
onlv corrections to conventional uptake measure- 
ments applied with any degree of regularity are those 
concerned with extra-thyroidal activity (Goolden, 
1971). 

Lack of attention to the role of geometry and 
attenuation may arise from a serious underestimation 
of their importance. As illustrated below, in the case 
of the 24 hour uptake these variables may be res- 
ponsible for uptake estimates whose values differ by 
more than 10094, which is much larger than any 
error that might be contributed by extra-thyroidal 
activity. It is also likely that the decline of the uptake 
measurement as a diagnostic investigation, following 
the introduction of reliable laboratory indices of 


thyroid function, has reduced the incentive to re- 
solve difficulties associated with its accuracy (De 
Groot and Stanbury, 1975). Nevertheless uptake 
measurements are still used in one situation where 
accuracy is of paramount importance, that is as a 
guide to dose prescription in radioiodine therapy. 
Recent indications in this field suggest that radi- 
ation dose may be more closely related to clinical 
prognosis than was previously thought to be the case 
(Malone and Cullen, 1976). Therefore the import- 
ance of accurately evaluating dose, and hence radio- 
iodine uptake, is if anything increased in this area. 
In this paper the influence of gland depth, mass and 
lobe separation on the outcome of uptake measure- 
ments is studied 7 vitro using a phantom. Three 
isotopes (1311, 99T'c™, and 12351) which are frequently 
involved in thyroid investigations were used. 


MATERIALS AND METHODS 
Counting procedures 

For measuring uptake a probe in which the 
detecting element was a 5 em x5 cm Nal (TI) 
crystal was used. This was housed in a 6 cm dia- 
meter parallel-sided lead collimator, the leading edge 
of the crystal being recessed 10 cm into the shield- 
ing. As this is not a standard IAEA collimator, point 
spread functions were determined for each isotope 
to ensure that the largest thyroid models would be 
completely within its field of view at the working 
distances used (Goolden, 1971). The field of view 
was defined to include the area in which the point 
spread function was greater than 90°, of its maxi- 
mum value. Under these conditions working dis- 
tances of 30 cm for 13! I and 9"T'c and of 40 cm for 
125] were found to be satisfactory. 

The entire photopeak of the main emission(s) 
from each isotope was included in the counts re- 
corded. This corresponded to energy windows of 
328-400 keV for 131], 119-161 keV for 99Tc™, and 
20-39 keV for !?5]. The activities used for measure- 
ments varied but were generally of the order of 
50 aCi. These activities were insufficient to saturate 
the counter. At least 50000 counts were recorded in 
each observation. 
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TABLE I 
RELATIVE COUNTS FROM MODEL THYROID 3 CM DEEP IN 
WATER OR TISSUE EQUIVALENT MEDIUM 





Relative counts (?5) 





Medium 131] 99 poem 123] 
| Tissue and bone 
| equivalent 100 -1.6 100 -2.1 100 -2.9 
| Water 101.1 41.6 | 103.2--2.1 | 112.3 42.9 





TABLE H 
DIMENSIONS OF LOBES OF MODEL THYROIDS 








| 

| “Lobe” dimensions, (cm) 

| "Thyroid" Mass, 

| (g) Height Diameter 
| 10.0 3.03 1.45 

| 15.0 3.73 1.60 

| 30.0 4.77 2.00 

| 40.0 5.51 2.15 

| 60.0 5.65 2.60 








Thyroid and neck phantoms 

The neck phantom consisted of a 14 cm diameter 
by 16 cm high Perspex cylinder of wall thickness 
5 mm. The phantom was filled with water during 
measurements with 131I and 99'T'cm. When 125] was 
being used a tissue equivalent medium and a model 
spine (5 cm diameter) made of bone equivalent 
material was necessary instead of water (Table I). 
'The composition of the tissue and bone equivalent 
media will be fully reported elsewhere (O'Connor, 
et al., 1978). Small plastic bottles of various dimen- 
sions were used to simulate the lobes of thyroid 
glands whose masses would lie in the range 10-60 g 
(Table II). The lobes were suspended on a poly- 
styrene mount which allowed their separation and 
depth to be adjusted. 


Presentation and treatment of data 

Gland size was specified in grams and was equal to 
twice the lobe mass. No account was taken of the 
isthmus. Lobe separation was defined as the distance 
between the centre points of each simulated lobe, 
and the maximum value used was 6.5 cm. Gland 
depth was normally specified as the perpendicular 
distance from the midline of the anterior surface of 
the neck phantom to the centre of gravity of the 
thyroid system, £e. the mid-point of the line joining 
the centres of the two lobes. The maximum depth 
used was 6.5 cm. In one instance (Fig. 3, broken 
line) gland depth was specified as the distance 


between the anterior surface of a lobe and the point 
on the neck phantom immediately anterior to it. 

To simplify data presentation one particular con- 
figuration of thyroid mass and geometry had to be 
selected as the standard to which other measure- 
ments could be referred. The standard chosen was a 
30 g thyroid at a depth of 3.0 cm with lobe separation 
of 3.5 cm, which is fairly typical of the situation in 
the population whose uptake is measured. The 
results were expressed as the correction factor by 
which a measured "uptake" must be multiplied to 
convert it to the true value, assuming a standard 
with the above properties was used. 

'To render the charts legible smooth curves were 
fitted to the data points using a quadratic of the form 
y == dg aX -- agx? 

Nine points were used for each curve in Fig. 1. In 
Fig. 2, four points were used for each curve in the 
left panel and twenty points for each composite line 
in the right panel. In Fig. 3, the data points are 
included with the curves. 





RESULTS 

In Fig. 1 the effect of gland depth on uptake 
measurements is presented for three gland masses, 
using 131], 99'T'cm, and 125], The ordinate in all cases 
is the correction factor by which the measured 
uptake must be multiplied to convert it to its true 
value, assuming the standard of activity used was a 
30 g model thyroid with lobe separation 3.5 cm and 
depth 3.0 cm. The correction factors required for 
131] and 9?'T'c are remarkably similar, ranging from 
0.8 for very superficial glands (2 cm deep) to 1.6 for 
deep glands (6 cm deep). With !?5] the effect of 
depth is much more pronounced, as might be 
expected, with the correction factor going from 0.7 
to 3.0. Thus an apparent uptake measurement may 
vary over a factor of two with 181] or 99T'cm, and a 
factor of four with 125], due to variation in the depth 
of the gland alone. 

Surprisingly, Fig. 1 suggests that the effect of 
gland mass and lobe separation on apparent uptake 
is relatively small. Figure 2 presents, on an expanded 
scale, the influence of lobe separation alone. À 
separation of 3.5 cm was taken as standard. The left 
hand panel shows that the correction factor for 1] 
varies from 0.96 to 1.02, being less than unity for 
well separated lobes. Each configuration of gland 
mass and depth has a slightly different line rep- 
resenting the correction factor for lobe separation. 
However, with the exception of very large super- 
ficial glands (60 g, 2.5 cm depth) these lines lie 
sufficiently closely together, and the corrections 
involved are sufficiently small, for the mean value of 
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‘The correction factor by which the apparent activity of 1311 (top), **'T'c" (centre), and 1251 (bottom) must be 

multiplied to give the true value. Values are plotted as a function of depth. The heavy line in each panel is 

for a standard 30 g gland with 3.5 cm lobe separation. The broken lines correspond to glands whose masses 
are given at the top of the panel (15, 30 or 60 g), with lobe separations indicated beside the line. 


the separation correction factor over the range of 
depths and gland masses to be used in practice. The 
right hand panel in Fig. 2 presents the mean lobe- 
separation correction factors for the three radio- 
nuclides used. Those for 13H and Tem are rela- 


tively similar ranging from 0.96 to 1.02. With 125] 
the factor goes from 0.86 to 1.06 and is consequently 
more significant. These are mean values and may be 
used without the introduction of large errors. How- 
ever, if absolute values of the uptake are required to 
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Correction factor by which apparent activity in model thyroids must be multiplied to compensate for gland mass using 
standard co-ordinate system (full lines) and a co-ordinate system in which depth is specified to the anterior surface of the 
thyroid lobes (broken lines). The data points refer to the full lines only. 


within 2% the influence of lobe separation must be 
determined de novo for each new configuration 
encountered. 

The full lines in Fig. 3 present the correction 
factor as a function of gland mass for constant depth 
and lobe separation using a 30 g gland as standard. 
The full lines are based on a quadratic fit to the data 
points presented. The factors are all greater than 
unity but represent very small absolute corrections. 
For 131] and ?9T'cm the maximum value is less than 
1.015, representing a departure of less than 1.5% 
from the true value. With 125] the maximum value is 
1.1, seen for very small glands. 'T'hese data are based 
on mean values of the correction factor for gland 
mass and hence are subject to the same limitations as 
those in Fig. 2. 

It should be noted that the specification of depth 


used in all of the above measurements is the perpen- 
dicular distance from the anterior midline of the 
neck phantom to the centre of gravity of the thyroid 
system. If an alternative depth specification is intro- 
duced, for example the distance between the anterior 
point on a lobe and the corresponding point on the 
neck phantom in front of it, the results in the full 
lines of Fig. 3 will be altered as they are based on an 
assumption of constant gland depth. The broken 
lines in Fig. 3 present the variation in the correction 
factor with mass using the alternative co-ordinate 
system. In this case the range of variation in the 
correction factor is larger, because the depth of the 
centre of activity in each lobe recedes further into 
the neck phantom as the gland mass increases. 

In Table III the effect of distance and attenuation 
separately on the count rate from a point source 
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TABLE HI 
EFFECT OF DISTANCE AND ATTENUATION SEPARATELY WHEN 
THE DEPTH OF A POINT SOURCE CHANGES FROM 3CM TO 6CM 





i Relative counts (#4) 





Radionuclide (medium) 





IMF (air) | 9"Te" (air) 


Depth (cm) 125] (air) 





| 
i 
| 
i 
i 
| 
| Distance alone 
| 
$ 
i 
i 
| 
1 
| 




















3 em 100 100 100 
6 cm 84.7 41.2 84.1.-0,9 87.7 -1.8 
1] (water) Spem 125] (water) 
(water) 

| Attenuation 

alone 

Jem 100 100 100 

6cm | 79.8.-2.0 | 79.4.-2,2 | 40.6 -3.4 
EUROS UNE TEETH ! 

+ 


placed 3 cm and 6 cm deep in the neck phantom are 
recorded. The effect of distance alone on the count 
rate from 425] is smaller because of the larger 
working distance of the detector from the neck 
phantom. However, in all cases attenuation is the 
larger effect and is remarkably similar with 131 and 
Tom, 

From the data presented above it is possible to 
determine the true thyroid uptake (U) provided the 
depth, lobe separation and mass of the gland are 
estimated. The true value will be given by 

U = Um Ca Cs Cm 
where Ca, Cs and Cy are the correction factors for 
depth, lobe separation and mass read from Figs. 
1, Z and 3, Um is the measured uptake, assuming the 
standard used corresponds to a 30 g gland, 3.0 cm 
deep, with a lobe separation of 3.5 cm. 


Discussion 

The results presented demonstrate a strong de- 
pendence of the apparent activity in a simulated 
thyroid on its depth in a neck phantom, and a weaker 
dependence on lobe separation and gland mass. The 
necessity to correct uptake values for depth is well 
known for 135I (Rhodes and Wagner, 1971) and 
although not widely practised for 131] has previously 
been studied and discussed (Vennart, 1962; Schulz 
and Rollo, 1970; Sear, 1970). T'he main contri- 
butions to the correction factor as depth increases 
are distance and attenuation. As illustrated in Table 
IH, attenuation is the most important of these, 
though neither can be neglected. A surprising fea- 
ture of the present results is the almost identical 
behaviour of Tem and 131T, which might not have 
been expected in a situation where attenuation is 
important, However, inspection of mass energy ab- 


sorption coefficients for the main emissions of these 
isotopes reveals that they are both within 10°, of 
0.03 cm?/g, thereby accounting for the similarity in 
their behaviour (N.B.S., 1964). The much greater 
effect of depth on 125] may be explained by the 
larger coefficient of about 0.1 cm?/g for the photons 
detected from it. 

The increase in apparent uptake with larger lobe 
separation (Fig. 2) results from a complex interplay 
of geometrical and attenuation factors. The most 
likely explanation lies with the cylindrical surface of 
the neck phantom, which will cause a reduction in 
the amount of absorber that lies between the thyroid 
and the detector as lobe separation increases. It 
should be noted, however, that not all patients have 
cylindrical necks, and that with obese patients the 
anterior neck surface may be relatively flat. In such 
cases a correction for lobe separation may not be 
appropriate. The compensation required for gland 
mass is relatively small. Presumably this is a result of 
the fact that equal amounts of activity will be 
distributed in front of and behind any selected depth 
in the neck regardless of mass, provided the depth 
co-ordinates are referred to the centre of gravity of 
the thyroid system. If the co-ordinates are referred 
to the anterior of the thyroid lobes, the centre of 
activity in the neck becomes deeper as gland mass 
increases, and hence a larger correction factor (Fig. 
3) is required. 

'The data presented above indicate how seriously 
misleading a thyroid uptake measurement may be. 
The errors for !3!I and 9?'T'c are about half those 
for 125], Thus, even with these higher energy 
nuclides, it is possible that a thyroid whose true 
uptake is 40°% may give readings anywhere between 
27 and 5795. The incidence and extent of such errors 
are obviously dependent on the distribution. of 
thyroid depth in the population referred for uptake 
studies. The data available on thyroid depth are not 
extensive, but consistently have a mean value be- 
tween 3 and 4 cm. Furthermore such studies as exist 
have shown the distribution of depths to be broad, 
with a standard deviation between 1.6 and 2.0 cm 
(Schulz and Rollo, 1970; Vennart, 1962; Wellman 
et al., 1967). Thus, a large proportion of the popu- 
lation will have thyroid depths that depart signifi- 
cantly from the mean value. For example Schulz and 
Rollo (1970) found that over 20% of patients had a 
thyroid depth greater than 4.75 cm. Experience with 
radionuclide scanning also indicates that lobe separ- 
ation may vary broadly. Therefore there is a 
practical need to apply corrections for gland depth 
and lobe separation, if accurate values of the thyroid 
uptake are to be determined. 
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In diagnostic investigations of the thvroid rela- 
tively large errors in uptake may be regarded as 
tolerable owing to the existence of reliable and 
easily available laboratory investigations (De Groot 
and Stanbury, 1975). Nevertheless, it is not de- 
sirable, in the long term, to persist in quoting uptake 
values without taking some account of the influence 
of the factors studied above. Moreover it is likely 
that the variation in apparent uptake with depth 
contributes significantly to the wide normal range of 
uptake encountered in practice. 

Wide margins of error may be acceptable in diag- 
nostic applications of the uptake measurement. The 
same standards should not be applied in situations 
where the uptake is used to guide prescription of 
radioiodine dosage during therapy of thyrotoxicosis. 
Dose specification in this field has never reached the 
level of precision involved in conventional radio- 
therapy. Nevertheless recent work indicates that 
significant improvements are now technically pos- 
sible (Rasmussen and Hjorth, 1974; Malone et al., 
1976; Cullen et al., 1976), and that accurate dose 
specification may have some value in predicting the 
outcome of therapy (Malone and Cullen, 1976, 
1977). Reliable uptake measurements are an absolute 
prerequisite for an accurate dosimetry system. 

To improve the determination of uptake in prac- 
tice using existing instruments it will be necessary to 
estimate gland depth and lobe separation. The latter 
can easily be achieved on a radionuclide scan. 
Several methods of measuring gland depth have 
been evaluated. These include methods based on the 
ratio of counts at two distances (Schulz and Rollo, 
1970); the ratio of counts in the main peak to counts 
in a selected portion of the Compton spectrum 
(Rhodes and Wagner, 1971; Eversden et al., 1968; 
Koral and Johnston, 1977); the ratio of thermo- 
luminescent disc readings at the front and back of 
neck (O'Connor et al., 1978); and perhaps use of a 
lateral scan. In the co-ordinate system described 
here the influence of gland mass has been minimized 
to such an extent that even the large uncertainty 
associated with clinical estimates of mass by pal- 
pation will not introduce significant errors into the 
uptake measurement (Smith and Wilson, 1967). 
Possible alternative approaches to accurate esti- 
mation of uptake are based on use of multiple probe 
systems (Sear, 1970; Plato and Jacobson, 1976) and 
on improvements in collimator design. Recently 
developed collimators, used in conjunction with a 
large crystal, yield a large volume in which response 
is relatively independent of organ mass or geometry, 
and hence may be suitable for application to the 
thyroid (Clarke et al., 1977). 
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Total body irradiation with ®°Co y rays has been 
used since about 1966 for the treatment of acute 
leukaemia (Johnson, 1968; Buckner et aL, 1970; 
Thomas et aL, 1971; Miller et aL, 1976). The 
method of irradiation developed by the Seattle group 
(Thomas et aL, 1975) requires knowledge of the 
dose at the mid-line of the body for calculation of the 
treatment time. Published data of tissue-air ratios 
(T'AR) for elongated fields like the dimensions of 
a human body in the lying position are not available. 
It is only known from measurements carried out by 
Faw and Glenn (1972) that the TAR values along 
the central axis of the beam for square fields greater 
than 50 50 cm? show an effect of saturation. The 
objective of our investigations was to find TAR 
values for the mid-line of a human body. 


EXPERIMENTAL 

An Alderson phantom with a length of 150 cm, a 
mean lateral diameter of 30 cm and a mean A.P. 
diameter of 21 cm was used. The irradiation was 
carried out in a lateral direction with a field size of 
165 x 30 cm?, the centre of the beam being coinci- 
dent with the diameter below the umbilicus. The 
source-mid-line distance was 4 m, which gives a 
decrease in air-dose of less than 4°% at the ends of 
the phantom. The Alderson phantom was supported 
at a height of 1 m above the floor by a table con- 
sisting of a 2 cm wooden board and, beyond the 
field, a steel construction. 'The dose distributions 
were determined with small condenser chambers of 
diameter 0.6 cm and height 2 cm.* The resulting 
TAR values along the lateral body diameters below 
the umbilicus, across the middle of the pelvis and 
the lungs are presented in Table 1. One can see that 
the TARs in the abdomen and in the pelvis agree 
very closely, while the lungs have higher TARs. 

The phantom was next reduced to a torso and 
then, step by step, further reduced in such a manner 
that the relative portions of pelvis, lungs and ab- 
domen sections remained nearly the same. The 
distribution of TAR along the lateral diameter in the 
middle of the “mutilated” Alderson showed no 





* Manufacturer: Dr. Pychlau, Freiburg/Breisgau, Germany. 


measurable change down to a phantom length of 
about 60 cm. 

The TAR values for an A.P. irradiation of the full 
phantom with a field size of 165 x 50 cm? are listed 
in Table II. 


RESULTS AND CONCLUSIONS 

For the Alderson phantom used, calculation of the 
equivalent square field from the well known formula 
of Worthley (1966) gives for a lateral irradiation 
direction a square of side S of 37 cm, for an A.P. 
irradiation a side S of 50 cm. The TAR values 
obtained for these equivalent fields are much too 
large with respect to the measured ones (Tables I and 
I1). This is to be expected, since Worthley’s formula 
firstly does not consider a saturation dimension and 
secondly is only valid for cuboids while the scat- 
tering volume of an elliptically cylindrical body 
whose cross-section is inscribed in the rectangular 
cross-section of the cuboid is of course smaller. If 
one applies Worthley's formula to the saturation 
length one gets equivalent fields of 31 x 31 cm? for 
the lateral irradiation and 40 x 40 cm? for the A.P. 
irradiation. The TARs are still too large, as shown in 
column 7 of Table I and column 5 of Table II. In 
order to overcome the remaining discrepancy we 
have supposed that, for a cylindrical body with 
infinite length, the contribution of scattered radi- 
ation to the TAR in the neighbourhood of the 
mid-line is proportional to the ratio of the cross- 
sectional area Q of the phantom to its circumfer- 
ence U. The same ratio applied to a square field of 
side S on a plane phantom surface would give a 
scatter contribution proportional to ?/45. We have 
therefore calculated the side S of an equivalent 
square by equating 


re 


S 
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For finite but at least saturation lengths this 
relation is of course valid only along a central part of 
the mid-line. To test the validity of formula (1) we 
have investigated two phantoms with different 
shapes of cross section: 
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(1) a water phantom with plane A.P. surfaces, 
curved lateral surfaces, radius of curvature 10 cm, 
lateral diameter 20 cm, A.P. diameter 12 cm, 
length 50 cm; 

(2) a water phantom with a cross-section of a 
circular segment of a "lateral diameter" of 16.6 
em, "A.P. diameter" 8.4 cm, length 50 cm. 

In both cases the agreement between the experi- 
mentally obtained TAR values and those obtained 
using formula (1) for the equivalent square fields was 
within 2% in the vicinity of the central point of the 
mid-line. 

For the practical application of formula (1) to 
human shapes the cross-section of an Alderson 
phantom or a patient can be approximated by an 
ellipse. With the mean lateral diameter d, as the large 
axis and the mean A.P. diameter d» as the small axis 
the cross sectional area becomes 


7 di do 





Q= i (2) 
Equation (1) can now be rewritten as 

T di da m S? A 

40 C38 @) 


Applying this to the Alderson phantom used for the 
81 cm) 
we obtain an equivalent square of 24x24 cm?, 
Selected TAR values for this field are given in 
Tables I and II. Foi the lateral irradiation direction 
the TARs for this equivalent square are within 3% 
of the measured distribution in the abdomen and in 
the pelvis for lateral depths between 10 and 26 em. 
We are not able to test the validity of formula (3) for 
the thorax because there are no published data on 
equivalent squares for lung tissue. For the AsP. 






TABLE I 
MzasunED ®Co TAR VALUES IN AN ALDERSON PHANTOM AND CORRESPONDING VALUES FOR THREE SQUARE FIELDS 





























Alderson phantom Square fields 
Abdomen From From From 
Lateral depth below equation (3) | Worthley's formula Worthley's formula 
(cm) umbilicus Pelvis Lungs 24 x 24 cm? 37 x 37 em? 31 x31 cm? 
0 1.02 1.01 1.00 0.5 cm: 1.072] 0.6 cm: 1.07 0.5 cm: 1.081 
8 0.84 0.84 0.91 0.877 0.93 0.902 
14 0.68 0.68 0.82 0.685 0.74 0.719 
20 0.54 0.54 0.71 0.528 0.59* 0.564 
28 0.345 0.365 0.55 0.362 0.42* 0.397 
32 0.283 -== 
32.5 0.450 
*Extrapolated 


The depth 0 in Table I and II means that the dosemeter enclosed in a cap with sufficient wall thickness for electronic 


equilibrium was mounted on the surface of the phantom. 


TABLE II 


MzasunED ®°Co TAR VALUES IN AN ALDERSON PHANTOM AND CORRESPONDING VALUES FOR THREE SQUARE FIELDS 
(after Gupta and Cunningham (1966) and Faw and Glenn (1972)); irradiation direction: A.P. (standard deviation + 295) 





























m | 
Alderson phantom Square fields l 
From From From 
A.P. depth equation (3) Worthley’s formula Worthley's formula 
in cm Abdomen 24 « 24 cm? 50 x 50 cm? 40 x 40 em? 
0 1.03 0.5 cm: 1.072 0.6 cm: 1.07 0.6 cm: 1.07 
6 0.90 0.940 1.00 0.98 
12 0.75 0.744 0.84 0.81 
18 0.58 0.576 0.69* 0.65* 
|. 22 0.51 0.482 0.60* 0.56* 
*Extrapolated 
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irradiation direction we have only done measure- 
ments in the abdomen. The resulting TARs are 
within 3945 of those of a 24x24 cm? field for A.P. 
depths between 8 and 20 cm. For a bilateral ir- 
radiation technique the above agreements extend to 
even larger ranges of depth. 
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Book review 


Progress in Nuclear. Medicine, Vol. 4: Medical Cyclotrons in 
Nuclear Medicine. Edited by A. N. Serafini and J, E. Beaver, 
vi-+ 202 p, illus., 1978 (S. Karger, Basel), DM 140.00. 

This expensive little volume contains 25 of the papers 
presented at a meeting of medical-cyclotron users and 
others, at Miami Beach in March 1976. They are loosely 
grouped under the headings “Production aspects", “Chem- 
istry overview" and "Clinical application of cyclotron 
produced products" (sic) and are in fact a very mixed bunch 
both in subject matter and quality of presentation. 

The first section, for example, in addition to summaries 
of programmes and performance of 3 of the "dedicated" 
medical cyclotrons in the USA, also includes quite detailed 
descriptions of the special technology evolving at the 
Brookhaven and Los Alamos National Laboratories, where 
respectively 200 and 800 MeV proton beams, surplus to the 
needs of the nuclear physicists, are being used to make a 
limited number of radionuclides on a very large scale. In 
other papers, two more big and essentially physics-orien- 
tated machines, those at Indiana University and Vancouver, 
are discussed, and so is the stable isotope separation plant at 
Oak Ridge. 

Included in the "Chemistry overview" section are papers 
on the preparation of water labelled with !4O or !?O, on 
:91iRh? production, and on the preparation and imaging 
with a positron-camera of Ga radiopharmaceuticals. The 
remaining 6 papers each refer to a variety of radionuclides, 


with 1233] cropping up most frequently, and the preparation 
of the positron-emitters !!C, !3N, 10, 18F, 9?Cu and 828p 
also claiming a good deal of attention. 

In the final section only one paper deals with a specific 
clinical application, the uses of C!?O»s in cardiovascular 
disease, and this is essentially an extension of work carried 
out at Hammersmith in the early 60's. There is however, an 
interesting juxtaposition of papers concerned with two 
competing positron imaging systems; the MGH positron 
camera, and the UCLA version of PET'T (positron emission 
transaxial tomography). This last paper also states a case for 
the development of a simple “baby” cyclotron, capable of 
generating the short-lived positron-emitting radionuclides 
which can now be imaged with such good resolution. 

'The meeting from which this volume stems was doubtless 
a stimulating one to its participants, but, unfortunately for 
the reader, the discussions—surely the most valuable part of 
such meetings—have gone unrecorded. Furthermore, it 
must be a matter of regret to the editors that the book 
contains no contributions from three of the most important 
and innovative medical cyclotron facilities in the USA, and 
only one from outside North America. In short, therefore, 
this book provides only patchy evidence of the value of 
dedicated medical cyclotrons, and cannot be regarded as a 
vital contribution to the literature of nuclear medicine. 

D. J. SILVESTER. 
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Left ventricular - right atrial communication with aneurysm of the 


membranous interventricular septum 


By E. Russell, M.D., H. Spindola-Franco, M.D., and R. Eisenberg, M.D. 


Departments of Radiology and Pediatrics (Pediatric Cardiology), Albert Einstein College of Medicine 
of Yeshiva University, Montefiore Hospital and Medical Center, Bronx, New York 10467, U.S.A. 


( Received May, 1977 and in revised form September, 1977) 


Defects in the atrial and ventricular septa are among 
the most common congenital heart lesions. An 
unusual form of ventricular septal defect, left 
ventricular-right atrial communication is a rare 
lesion which was first diagnosed preoperatively by 
Nordenstróm and Ovenfors (1960) and by Braunwald 
and Morrow (1960) by angiocardiography. We 
would like to report a case in which at angiography a 
left ventricular-right atrial communication was 
found in association with an aneurysm of the mem- 
branous portion of the interventricular septum, an 
association which has not been previously recorded. 


Case REPORT 

The patient was a seven year old male with a heart 
murmur noted shortly after birth. Catheterization performed 
elsewhere during infancy was reported to show a ventricular 
septal defect. The patient was well during the interim. He 
was referred to Montefiore Hospital and Medical Center 
because of this history and for re-evaluation of his cardiac 
status. 

On admission physical findings were limited to the chest, 
in an otherwise healthy boy. The cardiac apex was not 





Fic. 1. 


Mild cardiomegaly and overcirculation are revealed, The 


"ball-like" or globular configuration described in left 
ventricular-right atrial shunt is not observed here. Pulmon- 
ary/systemic flow ratio is 2:1. 





displaced. A thrill was felt along the left sternal border and a 
grade IV/VI harsh holosystolic murmer was present. This 
was best heard at the left sternal border with radiation to the 
right of the sternum. The second heart sound was variably 
split. An intermittent third sound was heard at the apex 
Electrocardiography revealed regular sinus rhythm with a 
axis of 0 degrees. An rSR' pattern was noted in the right 
chest leads with a QRS of 0.1 second. The T waves and the 
QRS voltages were normal in the precordial leads. A chest 
radiograph showed mild cardiomegaly and a slight increase 
in pulmonary vascularity (Fig. 1). At catheterization both 
sides of the heart had normal pressures. Saturations re- 
vealed a step-up between the superior vena cava (average 
74^,), and the right atrium (average 82°,,). There were four 
paired samples with an average step-up of 7°,,. The average 
saturation in the pulmonary artery was 84", and the 
pulmonary/systemic flow ratio was 2:1. Exploration of the 
right atrium failed to reveal the presence of an atrial septal 
defect or anomalous pulmonary veins. 

Pulmonary angiography demonstrated overcirculation, 
and in the laevophase the left atrium was mildly enlarged. A 
distinct interatrial interface was observed. The left ventricle 
was normal. Opacification of the right atrium and then the 
right ventricle was noted directly thereafter. Retrograde left 
ventriculography clearly defined a left ventricular-right atrial 
shunt, with a jet of contrast entering the atrial lumen in 
systole (Fig. 2). In addition a large aneurysm of the mem- 
branous portion of the interventricular septum appearing 
separate and anatomically distinct from the shunt jet was 
delineated. The mitral valve was normal. Aortography re- 
vealed no prolapse of the aortic leaflets. 

One month after catheterization the patient was re- 
admitted for transatrial surgical correction, At surgery, the 
right ventricle and right atrium were the chambers pre- 
dominantly enlarged. ‘The pulmonary artery was dilated but 
not hypertensive. The atrial septum was intact. There was a 
communication between the left ventricle and the right 
atrium which was several millimeters in diameter, with tough 
fibrous margins. The defect was situated adjacent to the 
annulus of the tricuspid valve, in the area of the commissure 
between the septal and posterior leaflets of the tricuspid 
valve. The septal leaflet was abnormal, with thickening and 
mild fibrosis particularly at the base near the defect (Fig. 3) 
The defect was closed with interrupted sutures. Attached to 
the undersurface of the septal leafiet of the tricuspid valve 
was an aneurysm of the membranous septum, with no 
communication with the right ventricle. The aneurysm was 
closed at its base with running sutures. The patient had an 
uneventful postoperative course. 








Discussion 
Left ventricular-right atrial communication is a 
rare lesion, several autopsy studies revealing an 
incidence of 0.08% of all congenital heart defects 
(Laurichesse et al., 1964). There is a slight pre- 
ponderance of females over males (Riemenschneider 
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FiG. 24 


Dense opacification of the right atrium (RA) from the left 
ventricle (LV), during systole. 


3 


Che right ventricle (arrows) opacifies during ventricular 
diastole from the right atrium. 








Fic. 2c. 


Lateral film clearly demonstrates a large aneurysm of the 
membranous septum (arrows) 


and Moss, 1967). The average age at the time of 
diagnosis is ten years. The diagnosis of a left 
ventricular to right atrial shunt should be inferred 
from the combination of physical findings suggesting 
a ventricular septal defect and an increase in oxygen 
content in the right atrium at catheterization. Right 
atrial pressures are characteristically normal, with 
the right atrium and vena cava apparently acting as 
a pressure reservoir. A moderate increase in pul- 
monary artery pressure is noted in about 50% of the 
reported cases. Electrocardiographic disturbances, 
especially conduction delays, have been reported in 
association with this lesion. 

Left ventriculography is the best method of 
diagnosing left ventricular to right atrial shunt. 
However, when there is evidence of biventricular 
enlargement with marked right atrial dilatation, 
overcirculation, and a relatively small aortic arch, the 
diagnosis may be suggested (Elliot et al., 1965, and 
Kramer and Abrams, 1962). This case, however, did 
not exhibit these changes. 
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Fic. 3. 
(4) Normal relationship of the septal leaflet of the tricuspid valve to the atrioventricular and interventricular portions of the 
membranous septum. (B) Communication between the left ventricle and right atrium at the atrioventricular septum level 
(long arrow); note aneurysm of the interventricular membranous septum attached to the undersurface of the septal leaflet of 
the tricuspid valve (short arrow). 


Although first described by Thurnam, 1838, and 
Buhl, cited by Meyer, 1857, preoperative diagnosis 
was first made in 1960. Since then several more 
angiographically proven cases have been reported, 
but none in association. with an aneurysm of the 
interventricular septum. 'This association of a left 
ventricular-right atrial communication and an 
aneurysm of the membranous septum attached to 
the under-surface of a thickened septal leaflet of the 
tricuspid valve suggests the possibility that these 
anomalies are secondary to defective development of 
the primitive mesenchymal cells completing the 
formation of the membranous septum, unlike forms 
of persistant atrioventricular canal which result from 
failure of fusion of the endocardial cushions (Wakai 
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and Edwards, 1956). It is possible that the aneurysm 
found in our case represents the healing phase of a 
previously patent ventricular septal defect. Aneur- 
ysm formation has been postulated as a mechanism 
for spontaneous closure of uncomplicated inter- 
ventricular septal defects (Varghese and Rowe, 1969; 
Misra et al., 1970; Lambert et al., 1974; and Freedom 
et al., 1974). 

The existence of an aneurysm of the membranous 
septum as well as a direct left ventricular-right atrial 
communication suggests that the aneurysm may 
represent a healing phase of a previously patent 
ventricular septal defect at that location, with sealing 
of an interventricular communication leaving the 
purely ventricular-to-atrial flow present in this case. 
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Ceco-sigmoid volvulus - a new entity? 


By Bronwyn Jones, F.R.A.C.P., F.R.C.R. 


Harvard Medical School, Department of Radiology, 25 Shattuck Street, Boston, Massachusetts, 02115, U.S.A. 


( Received November, 1977) 


Compound volvulus, that is, volvulus or inter- 
twining of two separate loops of bowel, is exceed- 
ingly rare. Twisting of the ileum around the sigmoid 
is a well-known type of compound volvulus and is 
known as the "intestinal knot syndrome". This 
report deals with twisting of the caecum and sigmoid 
colon around each other. It is believed to be the 
first case in the world literature of this condition. 


Case REPORT 

A 35-year-old white female presented with acute onset of 
abdominal pain of one day's duration, associated with 
nausea and vomiting and no flatus or stool since the onset of 
the pain. One year previously a uterine fibroid had been 
excised, this being her only abdominal surgery. 

On examination the patient was in severe pain, with acute 
tenderness to palpation in the left iliac fossa. Admission 
abdominal film (Fig. 1) showed a large, centrally situated, 
gas-filled loop of bowel. There was no evidence of small 
bowel distension. 

A diagnosis of caecal volvulus was made and a barium 
enema performed (Figs. 2 and 3). Barium came to an abrupt 
halt in the sigmoid colon with a beaking appearance to the 
leading edge. No barium could be induced to flow past this 


Fic. 1. 
There is a large centrally situated gas collection consistent 
with a dilated abnormally situated caecum. 
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Fic. 2. 
Abrupt termination of barium column in sigmoid with 
tapering appearance consistent with sigmoid volvulus. 





Fic. 3. 


Oblique views again shows truncated appearance of end 
barium column with intimate relationship of large gas 
containing structure. 


point despite the administration of Glucagon. The pre- 
viously noted collection of gas was in close relationship to, 
but separate from, the end of the barium column. Sigmoid 
volvulus was diagnosed but no attempt was made to reduce 
the volvulus at this time as the patient experienced intense 
pain during the study. There was still no explanation for the 
large collection of gas which did however appear to be 
within bowel. 

A rectal tube was passed without result and a few hours 
later a repeat limited barium enema was performed in an 
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Fic. 4. 
Barium has passed beyond the site of obstruction and the 
large gas collection is seen to be causing an extrinsic pressure 
defect on the descending colon and proximal sigmoid. 
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FiG. 5. 


The anatomical relationship of the caecum to the sigmoid 
colon following reduction and settling of patients symptoms 
are shown—caecum low in pelvis and in left iliac fossa. 


attempt to reduce the ‘sigmoid volvulus”. This was suc- 
cessful (Figs. 44 and 48) and barium now flowed beyond the 
previous site of obstruction where, however, there was 
residual narrowing. More proximal in the sigmoid there was 
an extrinsic pressure defect which appeared to be caused by 
the large gas collection. 

At this stage the diagnosis remained sigmoid volvulus; 
however, there was still no real explanation for the large gas 
shadow which still appeared to be compatible with a dilated 
caecum. Over the next few hours the patient's pain and 
tenderness settled and her general condition gradually 
improved. It was decided to perform elective surgery one 
week later and a limited barium enema was performed to 
show the anatomy before surgery. The colon was very 
redundant with the ascending colon situated more medially 
than normal and the caecum situated low in the pelvis and 
extending almost to the left iliac fossa. At this stage the gas 
shadow had resolved (Fig. 5), but its previous position 
and outline corresponded to a caecum dilated and displaced 
from the left iliac fossa into the mid-abdomen (as would 
occur in volvulus), 

At surgery the sigmoid was redundant with a relatively 
long mesentery, The caecum was freely mobile with a long 
mesentery and was situated in the left lower quadrant. It 
was large, with oedematous walls, and there was neo- 
vascularization of the serosal surface. At the junction of the 
caecal mesentery and the terminal ileum there was an area of 
inflammation associated with adhesions. The small bowel 
appeared completely normal. 

Caecopexy and sigmoidpexy were performed to prevent 
recurrence of the volvulus. 


DISCUSSION 

Volvulus of various parts of the colon is not rare 
and is a not insignificant cause of intestinal ob- 
struction with an estimated range from 10% in USA 
to 30% in eastern European countries. In Iran it is 
estimated that volvulus is the cause of 80°, of 
colonic obstructions, The most common sites to be 
involved in simple volvulus are the sigmoid colon 
and the caecum in that order of frequency. Much 
less common sites to be involved are the splenic 
flexure and the transverse colon. The basic anatom- 
ical requirement for a volvulus to occur is a long 
mesentery allowing abnormal mobility and a short 
attachment of the base of that mesentery allowing 
twisting around the base. 

Compound volvulus or intestinal knot formation 
involving the intertwining of two loops of bowel is 
much less common. This condition is exceedingly 
rare in the USA the majority of cases having oc- 
cured in Africa (Shepherd, 1967; White and Palmer, 
1963), Iran (Vaez-Zadeh and Dutz 1970), Finland 
and Russia (Kallio, 1932). 

Kallio reviewed the literature in 1932 and found 
161 cases of intestinal knot, of which 150 (93°,) 
were from Finland or Russia. A more recent discus- 
sion (North and Weens 1964) added three more 
cases of intestinal knot and stressed that the majority 
of cases are males in the 50-60 age group. Uncom- 
plicated caecal volvulus is a disease of the 20-40 age 
group with female predominance. Sigmoid volvulus 
is more common in the 60-70 age group, pre- 
dominantly in males. There is an increased incidence 
in mentally retarded or disturbed patients and 
geographic differences as have been mentioned, 
thought to be associated with differences in dietary 
intake. 

Three types of compound volvulus have been 
described before (Kallio 1932, Frimann-Dahl 1942); 
ileosigmoid, ileoileal and the extremely rare ileo- 
caecal. Knots may also form between the ileosig- 
moid and either the appendix or a Meckel's diver- 
ticulum (Mikal and Byers, 1956), but the basic 
pathology here is thought to be inflammation fol- 
lowed by adhesions and subsequent torsion and is 
therefore not included in the classification. 

Frimann-Dahl (1942; 1974) elucidated the radio- 
logical findings to be expected in intestinal knot, 
namely a distended sigmoid loop in the right ab- 
domen and multiple loops of small bowel in the left 
abdomen with multiple air fluid levels. On barium 
enema the picture may look like uncomplicated 
sigmoid volvulus except that on the lateral view with 
barium there is a long curved offshoot explained by 
some barium having penetrated into the knot. 
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The present case does not fit into the previously 
described types of intestinal knot as the compound 
volvulus involved twisting of the caecum and sig- 
moid around each other. Because it is so unusual the 
case posed a number of difficult problems diag- 
nostically. The admission film was consistent with 
caecal volvulus, the central collection of gas being 
compatible with a dilated caecum displaced from the 
normal position in the right iliac fossa into the 
mid abdomen. It was most surprising therefore to 
find on barium enema complete obstruction to flow 
in the sigmoid, the configuration indicating sigmoid 
volvulus. 

The surgical findings support the diagnosis of 
prior volvulus involving twisting of the caecum and 
sigmoid around each other. Both the caecum and 
sigmoid had long mesenteries and the caecum es- 
pecially was free floating, low in the pelvis and had 
multiple areas of inflammation of the caecal mesen- 
tery at the site of torsion and residual oedema of the 
caecal walls presumably due to vascular compromise. 

This case is also unusual for a complicated vol- 
vulus in that the repeat barium enema resulted in 
untwisting of the condition, whereas the classical 
course in complicated volvulus is usually rapid and 
progressive deterioration. This is thought to be 
caused by the vascular compromise that results from 
the tight and multiple knotting of ileum around the 


other loop of bowel involved. Here the caecum and 
sigmoid presumably did not form that type of tight 
knot, but instead formed a single loose knot which 
was relatively easily untwisted. 

This condition presumably could only occur with 
the simultaneous predisposing factors of a long 
sigmoid mesentery and an abnormallv situated 
caecum also on a long mesentery. 
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Leiomyosarcoma of the oesophagus with dense calcification 


By Y. Itai, M.D., and H. Shimazu, M.D. 


Departments of Radiology and Surgery, Faculty of Medicine, University of Tokyo 


(Received July, 1977) 


Leiomyosarcoma is a rare neoplasm of the oeso- 
phagus (Rainer and Brus, 1965). Surgical resection 
offers a good prognosis in contrast to that of oeso- 
phageal carcinoma. We have recently had the 
opportunity to examine a patient with leiomyo- 
sarcoma showing a densely calcified mass in the 
mediastinum as well as a polypoid defect in the 
adjacent oesophagus. The former was noticed four 
years previously and remained almost unchanged 
while the latter rapidly increased in the course of one 
and a half years. The purpose of this paper is to 
describe the radiographic findings of a calcified 
leiomyosarcoma and to indicate the possibility of 
malignancy even in a densely calcified and non- 
growing mass. 


Casz REPORT 

A 43-year-old Japanese woman was referred to Tokyo 
University Hospital with a two year history of progressive 
dysphagia. A densely calcified mass was seen in the upper 
mediastinum on chest X ray four years previously. 

A barium swallow 18 months previously was interpreted 
as showing oesophageal compression by the calcified mass. 
Retrospectively, however, a small polypoid tumour was 
visible in the cervical oesophagus at the level of the calcified 
mass (Fig. 1). 

A barium swallow on this admission demonstrated a 
large polypoid defect in the upper third of the oesophagus 
(Pig. 2). The base of the tumour was adjacent to the calcified 
mass which was oval in shape with a rather smooth border. 
Endoscopic study confirmed a large intraluminal tumour 
with an irregular surface in the cervical oesophagus. The 
biopsy specimen was interpreted as a leiomyosarcoma. 

At operation the calcified mass was connected to the 
oesophageal lesion; histologic examination showed both 
masses to be leiomyosarcomas with microscopic calci- 
fication in the intraluminal mass. 
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dense calcification in the mediastinum should not 
exclude the possibility of oesophageal malignancy. 
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The Institute Awards 


The British Institute of Radiology makes a number of 
awards every year. There are two memorial lectures (in 
memory of Silvanus Thompson and Mackenzie Davidson) 
which include the award of a bronze medal and an honor- 
arium. The lectureships are awarded respectively to dis- 
tinguished non-medical and medical workers in radiology or 
allied subjects, from the United Kingdom or abroad. 'T'hese 
lectureships are not limited to members of the Institute. 

Every third year the Institute makes the Stanley Melville 
Memorial Award to one of the younger members of the 
Institute. Its purpose is to enable the recipient to visit 
clinics and institutions abroad. In addition the Institute 
sponsors annual visits by younger members to hospitals in 
Sweden by a diagnostician and to hospitals in Paris by a 
radiotherapist. 

'The Institute makes three awards every year for dis- 
tinguished contributions to THe BRITISH JOURNAL OF 
RapioLocGv. The Barclay medal can be awarded to anyone, 
member or non-member of the Institute, whose contri- 
butions over a period of years have been of especial merit 
and have contributed materially to the advancement of any 
aspect of radiology. 

Only members of the Institute (or teams containing at 
least one member) are eligible for the Barclay and Róntgen 
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prizes. They are awarded for contributions to the journal 
which have been of especial merit. The Barclay prize is 
awarded for contributions in diagnostic radiology or physics 
or other experimental work related to diagnostic radiology. 
The Réntgen prize is similar but is awarded for contri- 
butions in the field of radiotherapy or related studies in 
radiobiology or physics. 


AWARDS FOR 1978 

This year the Barclay prize was awarded to Dr. Louis 
Kreel of Northwick Park Hospital for his important con- 
tributions to the radiological study of the liver, spleen and 
pancreas and for his work on computerized whole body 
tomography. 

The Barclay medal has been awarded to Professor 
Tubiana of the Institut Gustave Roussy, Paris, for his 
distinguished contributions to the British Journal of Radi- 
ology in the fields of radiotherapy and radiobiology. 

The Róntgen prize has been awarded to Dr. David 
Greene of the Christie Hospital and Holt Radium Institute 
for his many excellent contributions to THe Bnrrisu 
JounNaL or Rap:oLocv in the field of physics applied to 
radiotherapy. 
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X-ray dose received by patients in a population survey for colonic 


diverticular disease 


By G. M. Ardran, F.R.C.P., F.R.C.R. D. J. Nolan, M.B., M.R.C.P., F.R.C.R. J. S. S. Gear, M.B., 


F.C.P.S.A. P. S. Fursdon, H.D.S.R. 


Departments of Radiology and Surgery, University of Oxford Radcliffe Infirmary, Oxford 


and A. J. M. Brodribb, B.Sc., F.R.C.S. 


Department of Social and Community Medicine, 8 Keble Road, Oxford 


(Received March, 1977 and in revised form January, 1975) 


In recent years there has been a considerable interest in the 
hypothesis that diverticular disease of the colon is a de- 
ficiency disorder due to lack of fibre in the diet. 'To test this 
idea a method for the diagnosis of diverticular disease had to 
be found which was both feasible for epidemiological work 
and which conformed to the guidelines for research projects 
involving radiation to human subjects proposed by the 
World Health Organization (BIR Bulletin, 1975). The only 
reported method (Manousos et al., 1967) partially fulfilled 
the first requirement but perhaps not entirely the second by 
today’s standards. Based on that technique, a barium 
follow-through method is now described which meets both 
criteria. 


METHOD 

For the purpose of this study, a method was sought which 
would allow two and occasionally three radiographs of the 
abdomen to be performed with safety. The World Health 
Organization guidelines indicate that a Category I project 
should result in an individual not receiving more than 0.05 
rem total body dose and not more than 0.25 rem to any 
single organ. This dose is considered to be within the 
variations of natural background which may be received by 
individuals during the period of one year, 

The technique used to radiograph the abdomen was as 
follows. The X-ray tube target to table-top distance was 117 
cm. The table-top to film distance was 8 cm. 115 kV was 
used, filtration 2.5 mm aluminium equivalent. An exposure 
of 3.2 mAs was adequate for a subject thickness of 22 cm. A 
338 x43 cm cassette was used with the beam of radiation 
collimated to just cover the cassette, the beam at table-top 
level being 32 x40 cm and the skin area irradiated being 
approximately 850 cm”. The exposure without back scatter 
was on average 65 mR using fast film, Kodak RPL, with 
either Ilford rare earth intensifying screens or Dupont 
barium fluorochloride screens. The two screens appeared to 
be identical in speed and quality for this purpose. 

For three films the skin exposure was, therefore, 195 mR 
or, say, 250 mR with back scatter. This falls within the 
maximum single organ dose of 0.25 R since any critical 
organ will be at depth and receive a smaller dose. The 
superficial organs would be unlikely to receive an average 
dost of more than 25%; of the skin exposure and deep organs 
more than 10°. The R em? value for three films would be 
less than 200 R cm?. The total energy of this radiation 
leaving the tube port would be approximately 20 g rad per 
R cm? if all were to be absorbed in the individual (Marshall, 
1976). It was estimated that approximately 35°, would be 
lost in back scatter, side scatter and exit beam, resulting in 


13 g rad/R cm? being absorbed in the field irradiated and in 
the individual towards the head or feet. For the 200 R em? 
required for three films, this would be an integral dose of 
approximately 2.6 kg rad. If a standard man of 70 kg 
received uniform whole body radiation up to 0.05 rem, as 
suggested by WHO Category 1, this would result in an 
integral dose of 3.5 kg rad. It is considered, therefore, that 
with this technique three radiographs of the abdomen can be 
taken well within a Category 1 project. 

A combined validity trial and pilot study was carried out 
using 27 subjects including 10 cases of diverticular disease 
proved by barium enema. The 10 known cases had a 
preliminary radiograph of the abdomen to ensure that there 
were no traces of the previous barium enema. All subjects 
were then instructed to take three doses of 40 ml of barium 
sulphate (Baritop 100) at intervals between 108 and 96 
hours prior to X-ray examination. No dietary restrictions 
whatsoever were placed on the subjects. Each subject then 
had a supine radiograph of the abdomen as described. ‘The 
known diverticular patients thus had two films for this 
investigation. Only two of the seventeen volunteers had to 
have a second film taken because the first showed that the 
barium had not yet passed the whole length of the bowel. 
The radiographs were assessed by two independent radi- 
ologists. All ten positives were identified plus two extra 
from the volunteer sample. 

The main study on the incidence of diverticular disease in 
volunteers with different dietary habits, to be reported 
subsequently, has not involved an exposure of more than 
9 mAs to any one in the first 300 individuals, most only 
requiring one film, and thus the radiation exposure fell well 
within WHO Category 1 limits. 
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NSD, CRE, TDF and SI units 


Tue Eprror-—Sir, 

The concepts of nominal standard dose (NSD) and 
cumulative radiation effect (CRE) are now well accepted in 
radiation therapy. The unit of NSD is ret (rad equivalent 
therapy) and the number of rets for various fractionation 
schedules have been published (Phelps and Phelps, 1974). 
With the introduction of SI units in radiology and the 
requirement that the special units of radiation be phased out 
within a period of ten vears, it will be necessary that the unit 
ret should also be replaced. As gray (1 Gy —100 rad) is the 
SI unit of absorbed dose, the corresponding unit of NSD 
may be called get (gray equivalent therapy), and 


1 get-- 100 ret 


'The unit of CRE, namely reu (radiation effective unit), 
has the same dimension as ret and it is also seen by definition 
(Kirk et al., 1971) that 


1 get= 100 reu 


'This implies only that the magnitudes of NSD given in 
rets or CRE given in reus in tables used at present will have 
to be reduced by a factor of 100 to convert them into gets. 
For example, a typical NSD value of 1800 ret will be 
equivalent to 18 get. The dimension of the new unit will be 
J kg day-9? !! If, however, the units of NSD and CRE are 
to be given separate identities for the reasons stated by Kirk 
et al., (1971), a new name may be chosen for the latter. In 
this case, the unit reu itself may be retained, but with a 
magnitude 100 times greater than the present value. 

'This adoption of SI units will also reduce the values of 
TDF factors (Orton and Ellis, 1973) by a factor of 1001538 
or 1191. For example, a TDF factor of 101.53 for 1800 ret 
in special units will correspond to a TDF factor of 8.523 x 
10-2 for 18 get in SI units. The dimension of the TDF 
factor in SI units will be [!538 kg-1338 day -9 169, The 
NSD and CRE values in this system appear to be convenient 
for handling while the TDF factors appear to be too small in 
magnitude. 

Yours, etc., 
P. S. IYER. 
Division of Radiological Protection, 
Bhabha Atomic Research Centre, 
Trombay, Bombay—400 085, 
India. 
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Suggested terminology for scanning investigations 


THe Eprror—-Sir, 

I quite agree with Messrs. Keyes and Mallard (1978) that 
one should be practical and therefore adopt terminology 
which both clinicians and radiologists are likely to use. 
However, to achieve this we need names which are as brief 


as possible, yet reasonably specific in meaning. Thus I 
would suggest: 

CA'T-scan for computerized axial tomography 

Iso-scan for radioisotope investigations 

Ultra-scan or Sonic-scan for ultrasound examinations. 

These all seem to trip lightly off the tongue and should not 
be misinterpreted. No doubt other readers will be able to 
suggest additions and alterations to this list. 

Yours, ete., 
M. GOLDMAN. 

X-ray Department, 
Fazakerley Hospital, 
Liverpool L9 7AL. 
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Mechanism of radioprotection by vitamin C 


THe Eprrog——S1n, 
In their interesting paper on a radioprotective effect of 
vitamin C, O'Connor et al. (1977) express uncertainty as to 
the mechanism of the effect but suggest that radical scav- 
enging should be considered. I would like to suggest that the 
related mechanism of electron scavenging is more probable. 

X rays produce radiation damage by a process of ion- 
ization; molecules are disrupted to form ion pairs, and one 
member of each pair will normally be an electron. Some of 
the electrons released in the tissue have considerable initial 
energy but all, eventually, willlose energy until they can 
combine with molecules or become “‘solvated”’ in a shell of 
water molecules. At this stage, when the electrons have 
thermal, or quasi-thermal, energies their properties can be 
considered in terms of chemical reactions (Dainton, 1975). 

In oxygenated tissue, a probable reaction of the solvated 
electron is to add to a dissolved oxygen molecule to form the 
superoxide ion, Oz-. The superoxide ion is known to be 
reactive and potentially damaging to the tissue in which it is 
formed; support has been found (Oberly et al., 1976) for 
earlier suggestions that such damage may be the origin of the 
oxygen effect. 

'The conjugated ketone structure of the vitamin C mol- 
ecule is such that it must be expected to be a most potent 


electrophore (Lovelock and Gregory, 1962); electron- 
molecule reactions of the type 
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must be expected to occur. An ESR signal, which could be 
due to the formation of radical ions by this process, has been 
reported to occur in irradiated tissue (Vaughan et al., 1973; 
Floyd et al., 1973), and in vitro work has been demonstrated 
oxidation of ascorbic acid by superoxide (Nishikimi, 1975; 
Lee-Ruff, 1977). 

I suggest, therefore, that the mechanism of the reported 
protective effect is due to electron scavenging by ascorbic 
acid or ascorbate either directly, in competition with dis- 
solved oxygen, or by an electron transfer reaction from the 
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superoxide ion. The resulting reduction in superoxide con- 
centration decreases tissue damage due to toxic concen- 
trations of superoxide and this decrease in damage is the 
radioprotective effect. 
Other radioprotective agents also contain electron accept- 
ing groups and may act similarly. 
Yours, etc., 
N. L. GnEGORY. 


Department of Clinical Physics and Bio-Engineering, 
West of Scotland Health Boards, 
11 West Graham Street, Glasgow G4 9LE 
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Vitamin C and radioprotection 


(In reply) 
‘Tur Eprrog-—Sin, 

Gregory raises the question of the mechanism through 
which vitamin C exerts the radioprotective effect observed 
bv us in Chinese hamster ovary cells. (O'Connor et al., 
1977). The data we presented was such that in its own right 
it gave no indication of a likely mechanism. Consequently 
the basis for the effect was considered equally likely to be 
physiological or chemical A chemical mechanism was 
intended to imply a direct interaction between ascorbate and 
some radiation induced factors in the cell. On the other hand 
à physiological mechanism was intended to convey a more 
complex process whereby the cell was altered by the 
presence of ascorbate in such a way that it was subsequently 
more resistant when challenged with radiation. 

it should be possible to go some way towards dis- 
tinguishing between chemical and physiological effects 
through relatively simple experiments designed to deter- 
mine the time required for the effect to appear. Chemical 
effects are likely to become evident almost instantaneously 
as they depend only on the presence of the agent during 
irradiation. Physiological effects such as those produced by 
protracted hypoxia (Foster et al., 1971; Alper, 1977) or by 
Miracil-D (Bases, 1970) may take longer to appear and may 
be induced by the presence of the agent before or after the 
irradiation without the necessity for the agent being present 
during irradiation. Much more sophisticated experiments 
would be required to distinguish between the two chemical- 
type mechanisms discussed by Gregory. However, it does 
appear from his comments and from recent evidence that 


the protective effect of vitamin C is very likely to be 
chemical in origin (Biaglow and Jacobson, 1977; Gregory, 
preceding letter; Redpath and Wilson, 1973). 

Regardless of the detail of the mechanism, the evidence 
presently available demonstrates that vitamin C is a radio- 
protective agent. This may appear to give rise to a problem 
when administering high doses of the vitamin to patients 
undergoing radiotherapy (Cameron and Pauling, 1974) as 
some tumours have substantially higher levels of vitamin C 
than surrounding normal tissues (Moriarty et al., 1977 a,b). 
Therefore it is possible that the tumour may be protected to 
a greater extent than normal tissue. In the case of hypoxic 
tumours, however, vitamin C would be unlikely to add to 
the protective effect of oxygen deficiency since the mechan- 
ism underlying both protective states appears to be the 
inhibition of the formation and/or fixation of free radicals 
(Redpath and Wilson, 1973; Lett et al., 1967; Chapman 
et al., 1973). Therefore, with hypoxic tumours, vitamin C 
could leave the sensitivity of the tumour unaltered while 
protecting surrounding normal tissue, thereby offering a 
therapeutic advantage. This is a reversal of the usual 
procedure undertaken to enhance the therapeutic ratio, in 
which attempts are made to sensitise the tumour relative to 
surrounding tissues. 

The overall position of ascorbate in relation to radio- 
therapy requires further study in the light of recent data 
presented by Biaglow and Jacobson (1977). They reported 
an interaction. between ascorbate and hypoxic-cell sen- 
sitizing compounds (e.g. Flagyl or Ro-07-0582) leading to 
oxidation of the ascorbate. This gives rise to the possibility 
of increased oxygen consumption, which could lead to even 
greater radioprotection for the tumour and negate the effect 
of the nitrocompounds. Formation of toxic products is 
another possibility. This could be beneficial by killing 
tumour cells or deleterious by leading to side effects such as 
neurotoxicity (Fowler et al., 1976). 

"Therefore in view of all the possible interactions between 
vitamin C, nitrocompounds and radiation, it is evident that 
the vitamin needs careful scrutiny under a variety of con- 
ditions before its proper place in the management of radio- 
therapy patients can be determined. 

Yours, etc., 
CARMEL MOTHERSILL, 
J. F. MALONE, 
M. K., O'CoNNoR. 
Physics Department, 
College of Technology, 
Kevin Street, 
Dublin 8. 
M. MORIARTY 
St, Luke’s Hospital, 
Highfield Road, 
Rathgar, 
Dublin 6. 
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Lead aprons and film badges 


Tre Eprror-—Sir, 

I have read with interest the questions raised by your 
correspondents Dr. Bray and Dr. Sear whether a film badge 
should be worn over or under a protective lead apron. 

The key point is that if the film badge is worn on top of 
the apron then it will greatly overestimate the exposure 
received by the user. The answer is not simple. 

The United States Nuclear Regulatory Commission in 
Title 10 Code of Federal Regulations, Part 20 (10 CFR 20) 
states that any individual in a restricted area in any period of 
one calender quarter should not be exposed to a dose in 
excess of 1.25 rem to the following part(s) of the body: 
whole body, gonads, active blood-forming organs, head and 
trank, lens of eye. 

It is not true that by wearing the film badge on the collar 
the exposure to the head and trunk could be measured. The 
permissible limiting factor is the exposure to the eyes. To 
determine that this 1s not exceeded, some authorities recom- 
mend wearing the film badge on the collar or attaching it to 
eye glasses. Neither of these answers is totally satisfactory 
where an active person is involved, but some state regulatory 
agencies are requiring this. The wearing of the film badge 
under the apron is likewise a less than desirable choice as it 
underestimates eye exposure by significant quantities, Hence 
the answer is not simple. One practical solution to this prob- 
lem which may not be acceptable to others for aesthetic 
reasons is to wear the film badge on the forehead using a head 
band or if it is a TLD chip it could be placed on the forehead 
using a temporary adhesive, as a Tilak (beauty spot) worn 
by Indian ladies for aesthetic and cultural reasons. 

Yours, etc., 
I. B. SYED. 
Medical Physics Division, 
Department of Radiology, 
Baystate Medical Center, 
Springfield, MA 01105, U.S.A. 
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Alterations in the manuscript of Róntgen's publication 
"Ueber eine neue Art von Strahlen" (1895) 


THE Eprror—Sir, 

Reading F. Freund's article "Lenard's share in the dis- 
covery of X-rays" in the 1946 issue of your Journal, I was 
struck by a passage that opposes Róntgen's statement that he 
had made his discovery when experimenting with a Hittorf 
tube. The passage reads: ‘‘. . . it can be reasonably assumed 
that he [Róntgen] experimented with a Lenard tube, when on 
November 8, 1895, a barium platinocyanide screen was 
lying at a distance beyond the range of cathode rays and 
started to fluoresce. This assumption can be confirmed by 
Rontgen's (1895) original manuscript ‘A New Kind of Rays’. 
He writes: *. . . and covered the Lenard apparatus with a 
tightly-fitting coat of thin cardboard...', but crossed 
‘Lenard apparatus’ out and wrote instead ‘the tube’. . .”” 

‘The only author who seems to have contradicted this view 
was Etter (1946), when he commented that this "hardly 
proved that Róntgen used the Lenard tube exclusively". 

In my opinion one can disagree with Freund (1946) on the 
much firmer ground that the change in the manuscript was 
never made in the form Freund assumed. 

I came to my conclusion on consulting a reproductiqn of 
the first page in question (Fig. 1). Careful inspection of the 
correction in the fifth line led to the following observations: 
(1) The last of the three crossed-out words, to which 

Freund refers, is unmistakably "Apparat". 

(2) The preceding crossed-out word, which according to 
Freund might have been "Lenard'schen", certainly 
covers not more than 15 mm, whereas the word 
“‘Lenard’schen”, as it appears earlier in the text, has a 
length of 26 mm. 

(3) The only remaining possibility that fits Freund's 
theory is that Rüntgen wrote "Lenard Apparat" 
("Lenard" having the correct length), but this would 
imply a rather strong deviation from normal German 
usage. 

(4) The still visible part of the first letter of this crossed-out 
word shows more resemblance to the capital E, as it 
occurs in the manuscript, than to the capital L. 

(5) In my opinion Róntgen first started to write “den 
Entladungsapparat”’, but broke off before the letter g 
was written. He may have done so, because he realized 
at this point that he had used the word ‘‘Entladungen”’ 
in the previous line. So he crossed out the unfinished 
word “Entladun” (having a length of about 15 mm) and 
wrote instead "Apparat". Then realizing that the word 
“Apparat” had also been used nearby and might in 
addition confusingly refer to the '"Rumkortf", he 
crossed out den Apparat” and finally wrote down “die 
Röhre”. 

I conclude that the considered alterations made by 
Röntgen in his manuscript serve no other than stylistic 
purposes, and quite tally with the classical conception of his 
article, in which the style was to match the beauty of his 
discovery. 








Yours, ete., 
E. FISCHMANN. 
Philips Research Laboratories, 
Eindhoven, Holland. 
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Proceedings of the Royal College of Radiologists" 


Abstracts of papers presented at a meeting of the Royal College of Radiologists on February 18, 1977 at 
The British Institute of Radiology, 32 Welbeck Street, London W1M 7PG 


Spontaneous regression of metastases from testicular tumours—a report of six cases from one centre, by C. L V. Franklin. 

A controlled prospective study of thyroid hormonal changes and hypothalamic/pituitary/thyroid axis changes in the first 
three weeks of a course of radiation therapy, by M. J. Moriarty (no abstract received) 

Bilateral incidence of testicular tumours, bv M. Sokal and M. J. Peckham. 

When and how should we teach the basic concepts of radiation beam dosage?, by T. B. Brewin. 


SPONTANEOUS REGRESSION OF METASTASES FROM 
TESTICULAR TUMOURS$-—A REPORT OF SIX CASES FROM 
ONE CENTRE 


By C. I. V. Franklint 


Christie Hospital and Holt Radium Institute 
Manchester 


In a review of the cases of testicular tumour treated at the 
Christie Hospital between 1961 and 1974, there were six 
cases of spontaneous regression of metastases which are now 
reported. 

In this period, 827 cases of testicular tumour have been 
treated, giving an incidence of spontaneous regression of 
0.7294, which is considerably higher than previously 
reported. One of the cases appeared to be pure seminoma 
and spontaneous regression of metastases from seminoma 
has not been reported previously. 

Full paper submitted to Clinical Radiology (in press). 


BILATERAL INCIDENCE OF TESTICULAR TUMOURS 
By M. Sokal and M. J. Peckham 


Royal Marsden Hospital and Institute of 
Cancer Research Sutton, Surrey 


Twenty-two men with bilateral germ cell tumours of the 
testis have been treated at The Royal Marsden Hospital 
between 1952 and 1976. The interval between the first and 
second tumours ranged from nil (in two men who presented 
with disease simultaneously in both testes) to 15 years. 
Testicular maldescent was three times as common in this 





*Published by kind permission of the Royal College of Radi- 
ologists. 

Reprints of these abstracts may be obtained free on applica- 
tion to the Managing Editor, The British Journal of Radi- 
ology, 32 Welbeck Street, London WIM 7PG. 
+Present address: The Queensland Radium 
Brisbane Q. 4029, Australia. 


Institute, 


group compared with other series describing testicular 
neoplasms. Treatment for the second tumour was carefully 
individualized, ranging from orchidectomy alone to a 
combined surgical, radiotherapeutic and chemotherapeutic 
approach, 55°, of the patients are alive five years after their e 
second orchidectomy. Patients with testicular tumours 
should be put on long term follow-up. At each visit, the 
remaining testicle must be carefully examined, 


* 
WHEN AND HOW SHOULD WE TEACH THE BASIC 
CONCEPTS OF RADIATION BEAM DOSAGE? * 


By T. B. Brewin 


Glasgow Institute of Radiotherapeutics and Oncology 
Western Infirmary, Glasgow G11 6NT 


The amount of difficulty that many trainees, including 
those medically qualified, have in achieving a sound working 
grasp of certain basic principles of radiation beam dosage, is 
often underestimated. Since any failure of understanding 
may seriously impair the efficiency of the team treating the 
patient, the discussion of these problems (and especially the 
monitoring of the results of such discussion by means of 
oral and written tests) deserves a high priority. Contrary to 
traditional practice, there would seem to be no good reason 
why teaching of radiation beam dosage, and the effect on 
dose rate of changes in the treating distance or in the 
amount of scattered radiation, should not begin in the very 
first week of training, and be immediately integrated with 
discussion of the dose rate information available at every 
radiotherapy unit when the patient is treated. A preliminary 
course of physics lectures does not usually make the under- 
standing of these principles any easier and can be done 
either concurrently or later. For many radiotherapy trainees 
and for many doctors in other fields, comparsion with drug 
dosage and with the brightness and scatter of ordinary light 
beams, avoiding technical terms so far as possible, may 
achieve a better initial understanding of basic principles 
than is achieved by mathematical equations and theoretical 
physics. 

This paper was published in full in British Journal of 
Radiology, 50, 430-434. 
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Proceedings of The British Institute of Radiology 
Unorthodox approaches to fractionation 


Abstracts of papers presented at a joint meeting of the Royal College of Radiologists, the Royal Society of 
Medicine (Section of Radiology) and the British Institute of Radiology held on Friday, February 18, 1977 at The 
British Institute of Radiology, 32 Welbeck Street, London W1M 7PG 


Low dose rate irradiation of advanced head and neck cancers: present status, by B. Pierquin, W. Mueller and F. Baillet. 
À law dose fractionation scheme in radiotherapy of oral and bladder carcinoma, by B. Littbrand. 
Radiobiological consideration in unconventional fractionation regimens, by R. Withers. 


LOW DOSE RATE IRRADIATION OF ADVANCED 
HEAD AND NECK CANCERS: PRESENT STATUS 


By B. Pierquin, W. Mueller, and F. Baillet 


Commission de Carcinologie, Service de Radiotherapie, 
Hospital Henri Mondor, Créteil, France 


* 

Forty-six patients with advanced epidermoid carcinomas of 
theehead and neck have been treated with semicontinuous 
lew dose rate cobalt teletherapy with curative intent. The 
dose rate was 90 to 130 rad per hour, the patients were 
treated six to eight hours per day, and they received total 
doses of 6500 to 7000 rad in either single or split course. 
‘Thirty-four of these patients have minimum one year 
follow-up and form the basis of this report. While the sur- 
vival of these patients was poor (22%, at 3 years), the local 
control rate of 58°, was encouraging. 

The immediate tolerance of the mucosa was frequently 
exceeded in single course treatment. Furthermore, there was 
a high necrosis rate, but skin reactions remained character- 
istically mild. Split course treatment succeeded in reducing 
mucosal reactions to a tolerable level, but did not reduce the 
high risk of necrosis (actually greater than 50% at two 
years). Residual tumour at three months carried a grave 
prognana. All nonsterilizations and recurrences within the 
iow dose-rate treated volumes occurred with tumours 5 cm 
or more in greatest dimension, while local control was 
obtained in all ten patients with less extensive primary 
lesions. Necroses occurred with both the larger and the 
relatively smaller tumours in equal frequencies. Low dose 
rate treatment has been proven feasible and is currently 
being used in a prospective randomized trial to test its 
possible superiority over conventional fractionation. 


A LOW DOSE FRACTIONATION SCHEME IN 
RADIOTHERAPY OF ORAL AND BLADDER 
CARCINOMA 


By B. Littbrand 


Department of Oncology, University Hospital of 
Umed, Sweden 


Experimental observations indicate a radiation dose- 
degendency of the enhancement of cellular radiosensitivity 
by oxygen. This forms the basis of the low dose fractionation 








Reprints of these abstracts may be obtained free on applica- 
tion to the Managing Editor, The British Journal of Radi- 
ology, 32 Welbeck Street, London W1M 7PG. 


scheme designed in an attempt to circumvent the problem 
presented for radiotherapy by the particular radioresistance 
of poorly oxygenated malignant cells. Three clinical trials 
were performed, and the patient was treated according to 
one of four fractionation schemes. A. 1 G three times a day, 
five days a week, a total tumour dose of 42 G. B. 2 G once a 
day, five days a week, a total tumour dose of 40 G. C. 1 G 
three times a day, five days a week, a total tumour dose of 84 
G. D. 2 G once a day, five days a week, a total tumour dose 
of 64 G. In C and D a split-course technique was used with 
two to three weeks of rest. The intendent treatment in À and 
B was irradiation followed by operation of the patients with 
oral carcinoma. 

In C and D the oral and bladder carcinomas were con- 
sidered inoperable from the outset. The results show that 
patients treated according to the low dose fractionation 
schemes (A and C) have an increased clearance rate of the 
tumour in the mouth and bladder in comparison to the 
patients treated with the conventional fractionation schemes 
(B and D). The remaining complications were the same in 
the different treatment groups indicating an increased 
therapeutic ratio after the low dose fractionation scheme in 
comparison with the conventional fractionation scheme. 


RADIOBIOLOGICAL CONSIDERATIONS IN 
UNCONVENTIONAL FRACTIONATION REGIMENS 


By H. R. Withers 


M. D. Anderson Hospital and Tumor Institute, 
Houston, Texas 


Acute and late effects do not parallel one another when 
fractionation patterns are changed. Clinical and experi- 
mental data show a few large fractions lead to late effects 
which are more severe (relative to acute effects) than is the 
case when dose fractions of about 200 rad are given. The 
reasons for this severity of late effect in slowly- or non- 
proliferating systems are not known. A net sensitizing effect 
of division cycle redistribution between dose fractions 
could increase the acute effect relative to a late effect when 
large numbers of small dose fractions are used. Also because 
the cell killing curve is a logarithmic function of dose which 
increases in steepness with increase in dose while mitotic 
delay is related linearly to dose, the arrest of cells in Gs-M 
would be longer and the regeneration during the treatment 
regimen would be less with a large number of small dose 
fractions than with a few large ones. Thus, since the critical 
normal tissues are non-proliferative while the tumour is 
proliferative, one might expect, from a consideration of the 
radiobiology of cell proliferation, that the therapeutic ratio 
would be improved by hyperfractionation and worsened by 
the use of a few large fractions. 
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Forthcoming events and other notices 


The editors have decided to accept requests for meeting announcements by organizations other than The 
British Institute of Radiology and its associated bodies on the basis of charging at £1.00 per line per edition. 
Copy deadline for inclusion in this section is the 20th of penultimate month preceding publication 


(i.e. April for June edition). 


Requests should be addressed to Mrs. L. Surry, Managing Editor, The British Journal of Radiology, 32 Welbeck 


Street, London W1M 7PG. 


WORLD FEDERATION OF NucLEAR MEDICINE AND BIoLoGy 

To be held September 17-21, 1978. The Second Inter- 
national Congress of the World Federation of Nuclear 
Medicine and Biology will provide an international forum 
for the exchange of scientific information, the dissemination 
of knowledge, and the world-wide promotion of the disci- 
pline of nuclear medicine. 

The Scientific Symposia will encompass all the activities 
and interests of nuclear scientists and physicians: medical 
and health physics; instrumentation; data analysis; radio- 
chemistry ; radioassays; in vivo and in vitro biochemical and 
physiological measurements; radiopharmaceuticals; func- 
tions and disorders of the cerebral, pulmonary, cardio- 
vascular, abdominal, renal, peripheral vascular, bone, joint 
endocrine, and metabolic systems. 

There will be three pre-meeting courses: cardiovascular 
nuclear medicine; positrons, cyclotrons, and tomography; 
nuclear medicine in developing countries. During the 
meeting, there will be review teaching sessions on the state 
of the art in clinical nuclear medicine. 

'The technologist programme will include considerations 
of quality assurance, recruitment, education and career 
opportunities, 

The meeting has been designed to afford maximum 
opportunities for exchanges of ideas and views among 
nuclear colleagues. 

Morning activities will provide a plenary session, time for 
small discussion groups, and for visiting the exhibits of 
equipment and radiopharmaceutical manufacturers. 

Afternoons will be devoted to contributed papers, poster 
sessions, panels and mini-symposia. 

Further information from Dr. H. N. Wagner, President, 
WFNMB Second International Congress, 1629 K Street, 
N.W., Suite 700, Washington, D.C., 20006, USA. 


British MEDICAL ULTRASOUND SOCIETY 
ANNUAL MEETING AND EXHIBITION 

To be held November 27-28, 1978 at the Civic Centre, 
Newcastle upon Tyne. Potential exhibitors are invited to 
contact A. J. Hall, Queen Mothers’s Hospital, Glasgow, 
G3 8SH (041—399 8888 ext. 548). 

Further details from The British Institute of Radiology, 
32 Welbeck Street, London W1M 7PG. 


WORKSHOP ON THE USE OF COMPUTERIZED 
‘TOMOGRAPHIC SCANNERS IN RADIOTHERAPY 
Following the successful workshop meeting on “The Use 
of Computers in Radiotherapy in Europe”, held at the Inter- 


national Atomic Energy Agency in July 1976, the Commis- 
sion Informatique of the European Association of Radiology 
will hold a workshop on the “Use of Computerized Tomo- 
graphic Scanners in Radiotherapy”, at the headquarters of 
the World Health Organization on March 28~30, 1979. 

The meeting is designed to promote discussions among 
therapeutic and diagnostic radiologists, physicists and com- 
puter experts with previous experience in this field and will 
be limited strictly to 150 participants. 

‘The programme will include invited and proferred papers 
and discussions concerning the recognition and definititn of 
tumour and target volumes and treatment planning as well 
as future directions for development. The proceedings Will 
be published. 

Further information can be obtained from the General 
Secretary, Professor R. J. Berry, Department of Oncology, 
The Middlesex Hospital Medical School, London WIP 
7PN. 


4TH CONGRESS OF THE EUROPEAN ASSOCIATION OF 
RADIOLOGY 
Will be held in Hamburg, W. Germany, on September 
2-9, 1979. 


QUANTITATION OF TUMOUR RESPONSE: A CRITICAL 
APPRAISAL 

The the L. H. Gray Conference will be held in Cambridge, 
England, during the week of September 10-14, 1979. The 
topics of the meeting are intended to simulate a critical 
appraisal of the techniques that are currently in use both 
experimentally and clinically for assessing tumour response 
after therapy. The topics will include: 
In situ measurements of tumour response, including 
improved methods of tumour detection in clinical studies. 
Factors of prognostic significance. 
In vitro assays of tumours excised after treatment in vivo, 
The choice of suitable experimental models in rodents, 
The role of human tumour xenografts. 
Statistical evaluation of tumour response data. 
'The limitations and artefacts of each assay technique. 
The relationship between cell survival and the in situ 
response. 

Further information from Dr. J. Denekamp, Gray Lab- 
oratory, Mount Vernon Hospital, Northwood, Middlesex, 
England. 


- 


479 


Vou. 51, No. 606 


Book review 


Use of ionizing radiation and radionuclides on human beings 
for medical research, training, and non-medical purposes. 
Report of WHO Expert Committee. Technical Report 
Series 611, pp. 39, 1977 (World Health Organization, 
Geneva). Sw. fr 6.00. 

‘This is a clearly and simply written survey of the ethical 
and other principles which should regulate the use of 
ionizing radiation (in amy of its forms) for purposes other 
than the direct benefit of a sick person, occupational and 
incidental (not deliberate) exposure excluded. 'The recom- 
mendations of the WHO Committee which sponsored the 
report are broadly similar to those of an earlier WHO 
Committee document which, though still unpublished, has 
been widely circulated; this new report is likely to be 
regarded as authoritative because of its WHO imprint. 

Radiation exposures for the purposes of medical research 
are classed into four categories: I about 10 mrem for the 
whole body, that is well within the variations of natural 
background from place to place, I] about 100 mrem, that is 
of tHe same order as natural background, HI about 1 rem, 
that is of the same order as the ICRP annual dose limit for 
weccupational exposure, These dose levels are applicable to 
single investigations in any one year. Category IV is for 
ether, larger whole-body exposures. When irradiation is 
limited to particular tissues, as after administration of a 
radiopharmaceutical, the allowable tissue doses will be 
increased according to ICRP principles for occupational 
exposure (ICRP Publication 26, 1977). All research in- 
volving the use of human beings requires prior approval by 
an ethical committee which will approve, or not, of a par- 
ticular category of exposure for a particular research project 
according to its judgement of the balance between risk and 
potential benefit and according to the principles of medical 
ethics which are outlined, A great variety of other, non- 
medical or only partly medical uses of radiation is also 
touched on, e.g., compensation claims, insurance cover, 
pre-employment examinations, immigration and other 
administrative regulations, detection of smugglers and 
terrorists etc. 

It is stressed that “benefit” should not be interpreted in a 
nárrow sense. It would include for example, benefits 
"expected to accrue in the future to patients or human 
beings in general” from the results of research, and benefits 
to. the public health from screening for disease where "the 
interest of the community may well be of more importance 
in relation to particular national policies or programmes 
than that of the individual". The obtaining of free consent is 
obligatory for "almost all deliberate irradiation of human 
beings; the only exceptions should be applications of public 
health importance". 'The Committee is against the use of 
radiation in getting to know as soon as possible whether 
workers are affected by an industrial hazard if this is for 
economic reasons rather than because of individual health 
requirements. 

Clearly this report touches on large and deep problems 
about which opinions are not likely to be unanimous. 
Perhaps doctors should ask why, as the language of the 
report may suggest, the public health is to be regarded as 
sufficiently important to justify exposing individuals to 
rffMiation risks and doing without free consent, whereas 
other kinds of general good, such as keeping aeroplane 
travel safe, are not. (But see Health aspects of Human 
Rights with special reference to Developments in Biology 
and Medicine, WHO 1976). An over-riding principle is that 
no practice, however small its risks, is justified if there is an 
alternative method of reaching the same end with less risk. 


Here the WHO Committee makes thei nteresting suggestion 
that in non-medical cases, say in arranging insurance cover, 
an individual should be given the opportunity to choose 
between alternative methods of examination even if his 
choice is for what an expert might regard as a riskier method. 
The second principle, given the choice of the means, is that 
the benefit should outweigh the risk. The WHO report 
makes a possibly important modification of these principles 
when it states that any risk resulting from a deliberate radia- 
tion exposure in Category I is negligible (my italics). This is 
surely common-sense but, like the concept of justification of 
risk to individuals by benefit to future generations, will not 
be acceptable to some because of fears about the slippery 
slope which might lead to unjustifiable enlargement of the 
range of "acceptable" risk. Moreover, this concept of 
negligible risk appears not to be extended to radiation 
exposures of similar magnitude but for purposes other than 
medical research. 

In places the language of the report betrays what seem to 
me to be unwarranted anxieties about the significance of 
radiation damage. For example it is desirable that "the 
number of human beings exposed to radiation for medical 
research purposes should be kept under constant review” 
although “the proportion of the population participating in 
medical research involving the use of radiation is very small 
indeed" and "investigators should invariably obtain and 
review the available data on previous irradiation of the 
proposed participants”, statements all without qualification 
according to category of exposure. A major criticism is that 
level of risk (apart from the definition of negligible) is 
always referred to in terms of level of dose, not in terms of 
kind of harm and its probability. This is surely quite 
unsatisfactory if free consent to a deliberate radiation 
exposure for research purposes involves a "proper under- 
standing of the nature and consequence of what is proposed” 
and its voluntary acceptance. Moreover “the supposed 
radiation risks . . . should not be on a scale or of a nature to 
require compensation". Is this a self-evidently tenable 
position if malignant disease is the risk in question? And 
what would be the magnitude of the probability of inducing 
malignant disease which distinguishes negligible risk from a 
risk greater than negligible and which therefore requires 
proper understanding before free consent can be given? 

The increasing occurence of "deliberate exposure of 
human beings to ionizing radiation apart from diagnostic 
and therapeutic procedures" ‘‘makes it essential to have 
internationally accepted guidelines on the subject’’. Useful, 
yes, and the WHO report under review is indeed most 
useful, but is there really a need for internationally agreed 
tidyness in such a matter? There are such wide differences 
between countries in attitudes to social purposes and to the 
rights of individuals that perhaps we should first make sure 
that we cultivate our own garden. It is disappointing to recall 
that there has been no lead in the UK to help ethical com- 
mittees concerned with research proposals by providing 
anything corresponding to the WHO categories of exposure 
or to the concept of negligible risk. It is after all groups of 
individuals, such as ethical committees in the field of 
medical research, administrative and other committees in 
the field of public health etc., who have to carry the respon- 
sibilities for decisions on the great variety of particular 
problems. Once the general principle is accepted that 
benefit and risk can be balanced against each other, the 
guidelines to be considered may become much wider and 
more diverse than even a WHO expert committee can en- 
compass. R. H. Mote. 





480 





Book reviews 


Growth kinetics of tumours (cell population kinetics in relation to the growth and treatment 


of cancer) 405 
The fundamentals of X-ray and radium physics 413 
Biomedical ultrasonics 427 
Nuclear medicine—focus on clinical diagnosis 427 
Monographie des annales de radiologie. 14. La myélographie opaque 442 
Exercises in diagnostic radiology—8. Diagnostic ultrasound 447 
Progress in nuclear medicine. Vol. 4: Medical cyclotrons in nuclear medicine 462 ° 
Use of ionizing radiation and radionuclides in human beings for medical research, training, 

and non-medical purposes 480 

AN. 
olyfoam. (5 








unique padding permits passage of 
X-rays without showing on the plate 


RADIOLOGISTS 

helped to design this Polyfoam position block 
ADULT SIZE BLOCK 202, 10” x8” x 3” 
CHILD'S SIZE BLOK 303, 7” x 6" x 2" 

These blocks as illustrated are cut from a single 
block of Polyfoam and provide a comfortable non-slip 
positioning block which lets the patient relax more 
easily. 

POLYFOAM BLOCKS 202 & 303 
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